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A TRONOMY is a ſcience which, 2 all ages and countries flouriſh- 


ing in arts and politeneſs, has engaged the attention of the curious: 
it has not only employed the pens of the moſt eloquent orators and embel- 
liſhed the writings of poets of the moſt elevated genius; but has alſo been 
cultivated by the greateſt princes, the ableſt ſtateſmen, and the wiſeſt philo- 
ſophers; as will appear at large, when we come to look into the hiſtory of its 
riſe and progreſs in ſeveral parts of the world. | 

It ſhould not indeed be difſembled, that the great inducement to ſearch in- 
to the nature and motions of the heavenly bodies with ſuch care and pains as 


many perſons have done was oftentimes the hopes they entertained of being 
thereby enabled to gratify a darling paſſion of human nature, the defire of 
looking into futurity: how mankind came firſt to give into this opinion, and 
how groundleſs a fancy it is, will appear in ſeveral places of this work: not 
that I ſhall take the pains profeſſedly to ſhew the vanity of judicial aftrole- 
O; this has already been done ſufficiently by ſeveral able hands“: I ſhall on- 
ly make ſome ſhort remarks upon it as occaſion offers it ſelf. 

It is not much to be wondred at, that among nations abandoned to idolatry 
and ſuperſtition, or immerſed in darkneſs and ignorance, it ſhould be belie- 
ved that the ſtars are the diſpenſers of good and evil to the inhabitants of 
this lower world, and that by their configurations they point out to mankind 
which of theſe two is to be expected from their influences; but it ſeems ſtrange 
that ſo many of thoſe who had the light of revelation to guide them have 
embraced ſo abſurd opinions. 

Idolatry and divination were of great antiquity among the Egptiansb; 
the Jews, by their long ſtay among them when they were a rich and flou- 
riſhing people, contracted a great fondneſs for. their ſuperſtitions: after their 
going out of Egypt into the promiſed land they were to be ſurrounded by 
nations addicted to various kinds of idolatrous and ſuperſtitious practices; there 
was very good reaſon therefore why their law ſhould ſo expreſſly forbid, not 
only all idolatrous worſhip in general, and that of worſhipping the hoſt of hea- 
ven in particular, but all kinds of divination alſo, and particularly that of 
obſerving times<, or enquiring after the lucky or unlucky moments of entring 


a Cic. de divinatione |. 2. Favorinus ap. Gellium J. 14. c. 1. Sextus Empiricus adverſus aftrologos; 
Auguſtin. de civ. I. 5. c. 1. Cc. b Exod. 8. 26. Gen. 41.8, Lev. 19. 26. Deut. 18. 10, 14. 
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upon any ation, which aſtrologers pretend to find out by the poſitions of the 
ſtars and planets. The ſacred hiſtorians tell us, that, notwithſtanding theſe 
prohibirions, the Jews frequently fell into the practice of the former of theſe 
abominations, and we have no reaſon to believe they did at thoſe times keep 
clear of the latter: it is expreſſly recorded of Manaſſeb that in the beginning 
of his reign he was guilty of both, that he <worſhipped the bot of heaven, and 
obſerved times*; and we may conclude the ſame of his people, from what we 
are told in general terms, that he made Judah and the inhabitants of Jeruſa- 
lem to do worſe than the heatben b. There is ſuch a connection between ſtar- 
worſhip and ſtar-divination, that the latter of theſe has with great probabi- 
lity been thought to owe its origin to the former. 

It has been obſerved by ſome, that the Jews were never guilty of idolatry 
after the Babyloniſh captivity: but it is certain that in after times they 
gave into the belief that the ſtars and planets have an influence upon the tem- 
pers and actions of men: to this purpoſe there are ſeveral paſſages in the al- 
mud, wherein it is ſaid what will be the diſpoſition and circumſtances of life 
of a man born under ſuch or ſuch a planete: and though the wiſeſt of them 
decry ſuch notions, as indeed wiſe men of all times and places have done, yet 
we find one of their Rabbinsd wrote a treatiſe of judicial aſtrology, and ano- 
there foretold the coming of their Meſſiah would be A. D. 1464, becauſe then, 
as he pretended to find by his calculations, the heavenly bodies would be in 
the ſame ſtate as they were at the time of the giving of the law. To mention 
no more, their attachment to this ſuperſtition ſufficiently appears by a ſay- 
ing common among them to a proverb, that every thing depends upon the flarsf. 

Asto the primitive Chriſtians, judicial aſtrology is by good interpretersthought 
to be one of thoſe curious arts whereof ſome of the firſt converts ſhewed their 
deteſtation, by burning their books in great numbers, and to a conſiderable ? 
values: however that be, it is condemned by ſome of the moſt andent-fa- 1 
thers>: afterwards, when the Chriſtian religion had obtained the ſupport of 
the ſecular power, we find aſtrologers, who had been baniſhed Rome by ſome * 
heathen Emperors!, ranked in the ſame claſs with apoſtates, ſacrificers to 
idols, magicians, enchanters and dealers in witchcraft; and together with them 
chreatned by the canons of the church with excomunication k: and by the 
imperial laws with death l. This denunciation, we may ſuppoſe, for ſome 
time at leaſt, very much diſcouraged the practice it was levelled at; but in 


a 2 Kings 21. b 2 Chron. 33. 9. c Buxtorf. florileg. Hebraic. tit. Sydera. d Aben Ezra. 
e Abraham 4i4us Priuceps apud Picum diſput in aftrolog. l. 5.c. 12. f Buxtorf. abi fupra. g Acts 19. 19. 
h Tertullian. de idoloalatr. 9. Bardelanes & Origenes ap. Euſeb. prep. J. 6. i Sueton. i Tiber. & Vitell. | 
K Coꝛcil. Laodic. can. 36. v. Photii nomocan. | cod. J. g. tit. 18. de malęſcis et mathematicis, 
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the ſucceeding ages of barbariſm and ignorance, and eſpecially after the Eu- 
ropeans became acquainted with the learning of the Arabians, aſtrology pre- 
vailed ſo much that in the 14th century that great genius Picus Earl of 
Mirandola wrote againſt it, and that in a very maſterly manner; expoſing, 
with great learning, acuteneſs and ſtrength of reaſoning, the vanity of all the 
rules of that pretended art: the aſtrologers publiſhed anſwers to Picus: ſome 
of them boaſt, as a full evidence of the truth of their art, that the death of 
that incomparable perſon happened according to their predictions; one of 
thema is ſaid to have foretold that he ſhould dye in the 33d year of his age: 
anotherÞ tells us three aſtrologers had pronounced he would not live to fix 
and thirty, and that this provoked him to write againſt them: the truth is 
this, Picus dyed in his 32d year; now if they really came thus near the fact 
as is pretended, and thoſe predictions were not trumped up after the event, 
which is often the caſe, it did not require any great ſagacity to gueſs that ſo 
extraordinary a perſon as Picus, of ſo much fire and fo great application, 
would be ſhort lived: perhaps, if they had found he was likely to prove them 
falſe prophets, he might have been in ſome danger of having his life ſhort- 
ned by them; this is no more than what the famous Cardan is faid to have 
practiſed upon himſelf, who having, calculated his own nativity, and found 
in what year of his age he ſhould my ſtarved himſelf to death, to verify the 
prediction ©. 

That aſtrologer pretends to out * all chat went before him in calculating 
nativities d; he tells us he beſtowed an hundred hours upon that of our Ed- 
ward the 6th, from which he foretold ſeveral ſickneſſes which would attack 
him in the 34th and 55th year of his age; whereas that hopeful prince did 
not outlive his ſixteenth year. It is pleaſant enough to ſee how Cardan en- 
deavours to bring himſelf off after this event: he ſays he will not, like ſome 
other aſtrologers, pretend that he knew what would happen, and kept it to 
himſelf only out of fear; but that he had omitted ſomething in his calcula- 
tion, which, if he had gone through it, as he might have done in half an hour 
more, would have ſhewed him that the King would be in great danger of 
death in his 16th year: that he looked upon this omiffion as a piece of good 
fortune to himſelf, on account of the great danger ſuch a prediction might 
have brought him into, when he was at the Engliſh court: and he mentions 
two aſtrologers to whom foretelling the untimely death of princes had pro- 


a Bellantius ap. Gaſſendum de hderum efie&ibes prope finem. b Gauricus, v. Elegia Pici gas ofe- 
rib prefixa. c Gaſſendus vb ſupra. d comment. in Ptolem. et in lib. geniturar. Cardan 
precended to calculate the nativity of Feſus Chrift, and to deduce from thence the nature and duration of 
he Chriltian religion: others have been guilty of the like preſumption: ſee Bayle's dict. art. Cardat 
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ved fatal. This was not the only time Cardan was out in his predictions: I 
believe it would not do him much wrong, to apply to him what he ſays him- 
ſelf of the generality of aſtrologers, that we ſhould be in the right to ex- 
pet? events juſt contrary to what they foretell. In the laſt century judicial aſtro- 
logy was again attackt by the learned Gaſſendus: this was no unneceſſary 
work; for, notwithſtanding what Picus had written, it continued to be in 
great vogue, not only in Italy, where it was patronized by Popes, Cardinals, 
and many of the petty Princes; but in other parts of Europe alſo. 

Bur, how vain ſoever their pretenſions be who would perſwade us they can 
read future events in the ſtars, aſtronomy ſtill deſerves to be cultivated with 
the greateſt application, as it is one of the nobleſt branches of natural philo- 
ſophy; whether we conſider the dignity of the ſubject, the certainty which 
we are able to arrive at in many parts of it, or its uſefulneſs in civil life. 

As to the firſt of theſe, the aſtronomer has for the ſubject of his ſpecula- 
tions the whole univerſe of material beings: he conſiders the nature of matter 
in general, and enquires by what laws the ſeveral parts of matter a& upon 
one another: but his thoughts are more particularly employed about thoſe 
great bodies that compoſe the viſible ſyſtem of the world, which are in com- 
mon ſpeech comprehended under the appellation of the ſun moon and ſtars. 
He finds the magnitude of theſe to be vaſtly greater than is commonly ima- 
gined: he is able ro demonſtrate, that very few of them are ſo ſmall in bulk as 
the earth we live upon; and that much the greater part of them far exceed 
it in dimenſions: that the ſun appears ſo ſmall as he does, by reaſon of his 
great diſtance from us; whereas in reality he is in magnitude equal to a mil- 
lion of our earths: he diſcovers that there are ſeveral other earths, ſome of 
them much larger than ours, which receive heat and light from the ſun, are 
carried round him with prodigious velocities, and may probably be inhabi- 
ted by various creatures both rational and irrational: he knows that the ſtars 
which ſeem to be ſo thick ſown in the firmament are at immenſe diſtances from 
one another, as well as from us: he has proofs to ſhew, that, how ſmall ſoe- 
ver they appear to us, they are really very large bodies, many of them not 
inferior to the ſun in magnitude; and that there is therefore reaſon to believe 
they may ſerve for the like uſes, of giving light and heat to habitable earths 
with which they are environed: his glaſſes ſhew him a prodigious number of 
ſtars which by reaſon of their vaſt diſtances from us are inviſible to the un- 
aſſiſted eye; and, the berter his glaſſes are, the greater is the number of 
ſtars thus diſcovered: this makes it reaſonable to conclude that there is 


ſtill an innumerable multitude of them diffuſed through the immenſity of 


ſpace, beyond the reach of any glaſſes that can ever be made. How magnifi- 
cent 
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5 PREFACE. vii 
cent an idea does this give us of the univerſe, in compariſon of what it ap- 
pears to an ordinary ſpectator, who looks upon the ſtars only as groupes of 
glittering ſpangles fixed by way of ornament in the vaulted roof of heaven, 
or as ſo many little lamps lighted up there, for no other uſe than to ſend a 
faint glimmering upon the earth, of leſs ſervice to the inhabitants thereof than 
the light which the moon alone furniſhes them with? 

The pride of man is apt to make him fancy, that all things were made for 
his uſe: he has indeed a dominion given him over thoſe works of God which 
are within the limits of the earth and ſeaa, but it reaches no farther: the 
Pſalmiſt, when he contemplated the heaven, and the luminaries thereof, the 
ſun, moon; and ſtars, the handy work of the great Creator of all things, which 
he has diſpoſed and ſet in order in ſo much beauty and perfection, was fo 
far from thinking that all theſe glorious beings were created for the ſervice of 
man only; that he is humbled into an admiration of the great condeſcenſion 
of the author of ſuch wonderful works, that he ſhould vouchſaſe to eaſt an 
eye of regard upon man, and make him the object of his favour b. 

It is an obſervation of a philoſophere that mathematical ſciences have a ten- 
dency to purify the ſoul: the active principle within us muſt have ſome em- 
ployment; if it be taken up with abſtruſe ſpeculations, it will be leſs attacht 
to ſenſual pleaſures: but, if we go no farther than that, we may fall very 
ſhort of acting up to the dignity of a reaſonable nature: in order to this, we 
muſt carry on our contemplations of the frame and conſtitution of che uni- 
verſe to their proper mark, ſo as, from beholding the wonders of the crea- 
tion, to be brought to adore the wiſdom power and goodneſs of the Creator : 
there is indeed no part of the creation which does not diplay theſe attributes 
to an attentive mind; though an unwiſe man doth not well eonfider this, anid 
a fool doth not underſtand it: but the heavens, in a more eminent manner, de- 
clare the glory of God, and the firmament ſheweth his handy-work4: in this di- 
vine book, the moſt unlettered may find enough to excite their admiration, 
though it will diſplay the greateſt wonders to thoſe who peruſe it- with the 
cloſeſt attention: but then we muſt take care always to approach it, as we 
ſhould the other book of God, the holy ſcriptures, with reverence and hu- 
mility ; not having too high an opinion of our own abilities as if we could 
with the line of human reaſon fathom all the depths of the divine counſels; 
but thinking ſoberly as we ought to think: for want of theſe diſpoſitions, ſome 
men read the ſcriptures, and become teachers of new doctrines, departing. 
from the ſimplicity of the primitive faith; others philoſophiſe about the vi- 
ſible creation, till they forget the inviſible creator; till they become materi- 

@ Pal. 8. 6, 7. b Pal. 8. 4. & Hierocles in aur. carm. Pythag, d Pal. 19. 1. 
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aliſts or epicureans; and fancy they can account for the formation and pre- 
ſervation of this. beautiful frame of the univerſe, by matter and motion: or, 
at beſt, only conſider it as a curious machine, without ever lifting up their 
thoughts to the adorable author and Lord of all things, 

As to tbe certainty of this noble ſcience, there are many things therein 
which, though to an ordinary underſtanding they ſeem incredible, or beyond 
the reach of human ſkill to know, are capable of ſtrict demonſtration; when 
we are ſpeaking of the vaſt magnitude, the immenſe diſtance of ſame of the 
heavenly bodies, and the prodigious velocity of their motions, a man unac- 
quainted with the methods by which we arrive at the knowledge of thoſe 
matters is apt to think it all conjecture; whereas we go a great way in theſe 
ſpeculations by the infallible ſteps of arithmetic and geometry. : 

The ignorant vulgar may think it a trifling and unprofitable employment, 
for a man to ſpend his time in enquiring into the nature and motions of the 
ſtars: but the uſefulneſs of aſtronomy will quickly appear, if we conſider what 
a dependance ſeveral other arts and ſciences have upon it; without aſtrono- 
my, chronology and geography would be more imperte& than they are; and, 
in conſequence of that, h:/tory would be liable to greater uncertainty than it 
is. Without aſtronomy, we ſhould be ſo far from being able to meaſure time 
ſo accurately as we now do, by the help of ſundials, clocks, and watches; 
that we could not ſo much as divide the year into months, or know the 
length of the days and nights, or mark out the ſeaſons exactly enough even 
for the purpoſes of agriculture, and other uſes of common life. Withour a- 
ſtronomy, all intercourſe and commerce with diſtant nations muſt ceaſe; the 
failor could neither know the ſituation of the place to which he is bound, 
nor be able to find the way to it. In ſhorr, it is to this ſcience that we owe the 
firſt attempt to diſcover America, as well as the ſucceſs of that attempt: and it 
is to the ſame that we are beholden for the means of failing thither with ſafe- 
ty and certainty, to fetch home the riches and rarities of that new world. 

It is now time to give the reader ſome account of the following treatiſe, 
and in what manner I have handled the ſubject before me: my propoſals 
promiſed to make the ſtudy of aſtronomy eaſy to perſons unacquainted 
with mathematics; this, I hope, it will be thought is performed, if it be 
made much eafier than was ever done before: in order to this, I have in the 
introduction explained ſuch mathematical terms as muſt be made uſe of, and 
ſet down ſeveral propofitions to which reference is ſometimes made in the 
body of the work: ſome of theſe are very neceſſary to be previouſly known, 
and are eaſy enough; others, which are more difficult, and are inſerted ei- 
ther to make the introduction more methodical, or for the ſake of thoſe who 
| Bl t have 
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have a mind to look farther into the ſubject, are diſtinguiſhed from the reſt 
by a full point placed before them, as may be ſeen page 123 14, 15, &c, 
that they may be paſſed over by ſuch readers as deſire only to have a general 
view of aſtronomy: my intention at firſt was to have diſtinguiſhed the more 
difficult parts from thoſe eaſy to be underſtood, all along throughout the 
work; but, upon confidering the great difference there muſt needs be in the 
capacities and attainments of my readers, I thought that improper: only 1 
have in ſome places thrown the moſt abſtruſe mathematical demonſtrations 
into the remarks, where they may be paſſed by without breaking the con- 
nection: I muſt however take notice, that the remarks are not all of this ſort; 
for ſome of them are philological, as thoſe upon the names and characters of 
the ſun and planets, book 2 chap. 3; and thoſe upon the ſigns and their cha- 
rafters, book 2 c. 6: others are explanations of or additions to ſomething that 
vent before, as in book 2 c. 14. 
4 As for thoſe readers who are the leaſt prepared for ſtudies of this ſort, I 
would not have them diſcouraged by ſeeing ſchemes of lines and circles, and 
ſome of them of an appearance a little complicated ; for they will often find 
them to be no more than pictures or perſpective views of the heaven, or of 
the routes which the heavenly bodies are ſuppoſed to take, or of the tracks 
wherein they appear to us to move. The line which an arrow or a bullet 
ſhot through the air deſcribes may be drawn upon paper, though neither of 
them leaves any viſible traces behind it; in the ſame manner, the aſtronomer 
repreſents the motions of the heavenly bodies: and, in order to this, he is 
not always confined to the earth, and the proſpects which he has from thence; 
but, one while, he ſuppoſes himſelf to he carried to the ſun, and confiders in 
what manner our earth and the planets would from that point of fight ap- 
pear to go round him: at another time, he imagines himſelf to be an inhabi- 
tant of one of the planets, and from thence to view the ſun, our earth and 
the reſt of the planets: and ſometimes, when he has beheld the vaſt concaye of 
the heaven, adorned with numberleſs ſtars, his imagination tranſports him out 
of the confines of this viſible ſyſtem, to ſome point at an immenſe diſtance 
from it, from whence he takes a view of the convex of this imaginary ſphere: 
the common celeſtial globe fſhews the heaven with the ftars in their proper 
ſituations in this view: the glaſs ſphere, of which J have given a picture for 
the frontiſpiece, and a deſcription page 71, has a repreſentation of the ſame 
ſort, on its outſide; and the inner concave ſurface of it ſhews how the ſtar- 
ry heaven by which we are ſurrounded appears to us. This machine, which 
was invented by me above 20 years ago, as is well known to a great number 
of people, has ſince been imperfectly copied by ſeveral perſons, and by ſome „ 
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of them, ignorantly enough, called the ſphere of Archimedes: it ſeems they 
had heard of the glaſs ſphere of that great mathematician, but had not met 
with thoſe authors who give an account of it; if they had, they would have 
found it very different from mine. I have ſometimes conſidered the heaven 
as a ſphere of glaſs, that ſo any circles conceived to be drawn upon it might 
be exhibited entire; this will be found a great help to the imagination. 3 
It will nor be amiſs to inform thoſe who have not ſeen my aſtronomical 
apparatus at Pembroke Hall in the Univerſity of Cambridge, that I have 
there a large hoop about 20 feet in diameter, and 3 in breadth, whereon are 

delineated the conſtellations of the zodiac, with the ecliptic and ſuch other 
circles as I thought proper: fitting in the midſt of this I have the ſame view ? 
of things as if I was looking at ſo much of the ſtarry heaven it ſelf. If a ſphere '? 
of theſe dimenſions were made to turn round a ſtage whereon the ſpectators 
were placed, with a planetarium or Orrery in the center; moſt of the appear- 
ances in aſtronomy might be exhibited thereby in a more eaſy and familiar 


manner than has ever yet been done by ſchemes or mechaniſm. I ſhould have 


been glad to have been enabled to erect ſuch a fabric, for the ſervice of the 4 
younger part of the univerſity whereof I have been many years a member; 
but have no great reaſon to expect to be aſſiſted and encouraged in ſuch an 


undertaking: however I intend, if I have time, to leave behind me a mode! 


of ſuch a machine; though I think the hint I have here given is enough to 
direct any ingenious perſon who underſtands aſtronomy and mechanicks, how Þ 
to execute that deſign. What I have already done this way has helped to fur- 
niſh my book with ſeveral ſchemes which will be found entirely new. I have 
in ſome of my figures treſpaſſed upon the rules of perſpective, by ſhewing a 
little more than the eye takes in at one view; this is done but ſeldom, only 3} 
when I thought I could thereby convey a more perfect idea of what I intenl- 
ed to repreſent. I have quoted authors, ſometimes as vouchers of facts, ſome- 
times to ſhew to whom I am beholden, and ſometimes for the ſake of the 
youth of the Univerſities, whom I had often in my thoughts, to let them 
know where they may find the ſubjects treated of more at large; though! ; 
have generally given the ſubſtance of what has been ſaid by former writers, 
where I thought it worth the while: ſuch of my notes are in latin, as! 
thought would be of no uſe to an engliſh reader; for whoſe ſake I haves | 
nerally quoted thoſe authors in engliſh which I knew were tranſlated into that 
language, though I had them before me in the originals. 3 
As my chief deſign was to make the knowledge of the heavenly bodies as 
eaſy as the nature of the thing will admit, I have taken all the care I was 
able to diſpoſe the ſeveral parts of my work in ſuch a manner, that what 
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comes firſt in order prepares the way for what is to follow; the want of 
which method is often an occaſion of great obſcurity in books that treat of 
any ſcience. In the ſtyle I have ſtudied conciſeneſs, as far as is conſiſtent with 
perſpicuity. The paragraphs or articles which Have numbers prefixt to them 
I call /e&0ns, and refer to them by the character $; though that mark as 
well as the word ſection is made uſe of by ſome authors to ſignify a larger 
diviſion. A ſhort view of the particulars treated of may be ſeen, by running 
over the heads of the chapters, and the words printed in italic, or by the ta- 
ble of contents at the end of this volume; I have made it very full, and 
marked the moſt difficult parts with an obeliſk or dagger. 

Since the addenda were printed off, I have met with a farther confirma- 
tion of the change of the obliquity of the ecliptic mentioned p. 274 & 3 56: it 
is from the obſervations of the Chineſe aſtronomers, who are ſaid, in the 
year 66 before Chriſt, to have ſuppoſed the obliquiry of the ecliptic 2453 and 
in the year 1280 after Chriſt, to have found it 23* 33 40 17 or 18”, v. 
Obſervations mathematiques & aſtronomiques &c tirees des anciens livres Chinoiſes 
par Souciet, Vol. 2. & att. eruditor. Lipſ. menſ. Auguſt. Ann. 1732. 

I ought now to make ſome apology to my ſubſcribers for my long delay: 
this, among other reaſons which it is not worth while to trouble the public 
with, has been owing in ſome meaſure to my enlarging my firſt plan: fo 
that I hope I ſhall have their pardon, when they find I have given them a 
good deal more than I promiſed in my propoſals; as the principles of navi- 
gation, the uſe of maps and globes, and ſome other particulars which I 
thought would make the work more entertaining or uſeful; though no bo- 
dy would have had any reaſon to complain of me if I had omitted them: 
but an author that intends to content his readers muſt endeavour in the firſt 
place to pleaſe himſelf, it is in writing as in building; we are often drawn 
in farther than we at firſt intended: this has ſwelled my book into two vo- 
lumes, and obliges me, contrary to my firſt deſign, to publiſh only the firſt 
at preſent: the public may be aſſured the ſecond ſhall follow with the utmoſt 
expedition I am able; great part of it being already printed in books I uſe to 
put into the hands of thoſe who attended the courſe of lectures in aſtronomy, 
which, for above 20 years I have been conſtantly reading in this ten 
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9.1. ASTRONOMY IS A SCIENCE WHICH TREATS OF THE HEAVENLY BODIES; 
by the heavenly bodies are meant the ſun, moon, ſtars, planets, and comets; 
the nature of theſe it is the buſineſs of an aſtronomer to ſearch into, to con- 
ſider their order, diſtance, magnitude, ſhape, motion, light, and other: par- 
ticulars which relate to them; their different appearance to the inhabitants'of 
the earth, at different times, and in different places, and to enquire into the - 
cauſes thereof: in this enquiry, the earth alſa upon which we live, being the 


place from whence we view all the appearances in the/heaygn, mult of neceſ- 
ity be conſidered, with regard to its ſhape and magnitude; its figyation in the 
unjverſe, its motion, or reſt, and many other affections and properties. Amon 
the ancient Greek and Latin writers aſtronomy and aſtro ogy were but dif- 
ferent names for the ſame thing, but in modern language, zn aſtrologer is 
one who pretends to be n with the influences of the heavenly bodies 
upon our earth and its inhabitants, and would have it believed that, fro their 
various poſitions, aſpects, and configurations, he can foretell future events. 
: 1 | "£4 2 It 


„ 
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£5 Fre- 5 2 It is s impoſſible to treat of aſtronomy without borrowing, ſneako terms 


front that part of che mathematics whictvis called geometry, ſuch as a line, an 
an le; circle, Se: theſe terms 1 hall, for the fake of thoſe readers that are 


E503 Bos ZIY 2/19] 11 41 
ing e. ee eee . eee ach 
inde, weigh 2 nrearn or ts ohne 


Part *TA re thres 4 re ta 
VB 5 41 lint 15 that magnitude in which we. © x lpm in length only, 
1 ee tis ii cnn ti 1 paper, it muſt 
i} have ſome breadth t mak it Vifible, and if 1 form the idea of a viſible line 
4 in my mind, I muſt give that ſome breadth likewiſe, to make it the obje&igf 
l my i jon; nevertheleſs, if I would conſider a line as mathematicians do, 
I wust confider the length of it only, without any regard to its breadth, 
| 6 A lie is either ftrait, which is ſometimes called 4 right line, or kad 
= which is frequently called a curve; the line as, fig 1, is a ſtrait line; che lines 
2 3 2, are curves. 
ke frat line may be imagined to be continued or extended both ways 

my "Ph as we pleaſe; ee fad to 
we or more properly indefinite. = 
eee any'extenfon ac all: Gee ont 
viſible upon paper, I muſt give it ſome magnitude, and when I form the idea 
of a viſible point in my imagination, I muſt give that alſo ſome magnitude, 
_ though the leaſt that is poſſible, as when I think of the point of a needle; ne- 
vertheleſs marhematicians confider a point as without extenſion, without p 
and indivifible: thus the ends of a line are points, that is, they are 
only as bounds which terminate the line, or as places to which the line is ex- 

tended; if the ends of a line were conceived'as extended, and making parts of 
che line, they would be then ſhort lines and not points. By this time I ſuppoſe 
it appears that geometrical points and lines are objeQs of the underſtanding, 
not of the ſenſe of imagination; and our ideas of ther are formed by abſtraction 
after this manner; from the idea of a viſible point the mind takes away every 
ching but place; neee, g ee 
— AGEL; : | 9 A 
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egg ſhell, or concave, that is, hollow, as the inſide o 
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9 A line may be conceived to be deſcribed by the motion of a paint: thus, I FIG. 


may imagin the line a5, fg. 1, to be eee ee e 1 
omen ©: 02407189 abend. T&5 £731 N Nn ee 

10 Af face or ſuperſizies is that magnitude . 
ſion in and breadth only: thus, a piece of land is meaſured how long and 
how broad it is, without any regard to the depth of the earth: the ſhadowm 
which is caſt upon the ground in ſunſnine by an opake body gives-us. an- 
600 neee are edowherain eee, ads pn 

11 ß lenkdignnles;- 
or te imooth fide of «marble un made exatly Mic and even ay et 
a plane ſurface: a plane ſurface is uſually called a plane. | 

12 v ů— — agus de onde fn - 

egg-ſhell. 1110 0 4.6 
-""y . ——-— ———— 
directly endways; a ſtrait line deſcribes a plane; a curvs deſcribes a curve ſur- 
face: this will be illuſtrated when we come to conſider the formation of a 
circle, ſquare, or globe: if a line is eee it will not deſcribe 
a ſurface, but only a line. i 

14 A plane ris maybe imagined by exudes every maya fa tas 
pleaſe; when no bqunds are ſexo this 
nite, or rather indefinite. | 

15 Any Lan 
ſurface terminated or encloſed every way is called a plane, figure: a plane figure 
may be formed by one curve, or by*ewo,' n 
plane ſurface cannot be encloſed hy fewer ſtrat lines than three. 

16 The area of a plane figure is che quantity of ſurface 1 
| 17 An angle is the opening of two linea which touch one another in a point, 
and do not lie directly one againſt the other endways: thus, fig. 
C en dee lines is ; 
called an anglamee. N | 

Some c TEE 
lines which meet in a point, Cc: the difference between this definition and the 
werde en a ts a = 2 0 
towards the point where they touch, in the ather, as they go from it. 

It is mentioned in both definitions, that the lines, in order to form an a angle; 
mult not lie directly endways, becauſe two ſtrait. lines which lie e nets 
vil Fran ang, bake asf le: thus, fig. 4, the lines 4B and 
3c form one ſtrait line, ac; two curves alſo, which lie dinediy. ons Ge. © 
the other endways and touch, will not make an angle, but eee 925 
fig. 13, the curves AE and ee eee 1 A 74 Ro 5 
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510. 18 An angle is rectilinear, curvilinear, ormize Areffilincer angle i formed 


38 by two ſtrait lines, as in the third figure; a curvilinear angle by two curves, as 

6 nei curve, as in — 
2 
19 The lines which form an angle, are called its hes: 8 bg, 3. 
| wheretheyrouch-one another is the-vertex of the angle, or the angular point. 

20 eee 
marks; one plated-Je-che vertex, che other two at the other ends of the legs; 
in expreſſing an angle, the letter or mark at the vertex is always named in the 

3 ſecond place: thus, the angle, fig. 3, may be called nac or can; by this means, 

ſeveral angles which touch in one point may be diſtinguiſhed from one ano- 

7 ther; thus, fig 7, there are three angles touch in the point A, viz, Bac, Ab, and 

BA. Sometimes, when it can be done without the danger of occaſioning any 
miſtakeoc ambiguity, an angle is expreſt by one letter or mark only: W 

3 Kall che angle which is drawn in the third figure, the angle A. 

21 Tbe quantity of an angis does not depend upon the lengrh of the lines 
which form ir, but upon the wideneſs of their opening: imagin the two lines 

5 AB and Ac, fig. 7, to be faſtened together at A, as with a joint, ſo as to be moye- 
able likerhe legs of a pair of compaſſes; the wider you open them aſunder, the 
larger angle will they form, the nearer you bring them together, the leſs will 

the angle be between them: thus, fig. 7, the angle B Ap is greater than the an- 

7 gle Bac. Deny oe cgii.medered, will be ſhewn when a 
arcle is treated of, 5 30. 

8 22 one ſtrait line An, fig. ere another cp, be- 
tween the ends of it; there will be formed at the point n two angles, viz. ABc 
and ABD, which will be equal, becauſe the line As is ſuppoſed to ſtand upright, 
and not lean one way more than another: ſuch are called right angles, and the 
lune an is ſaid to be lar to ep. Two lines may alſo be perpendicular 

EY , ro cach other, and form a right angle, when they touch at ons end, as fig 9. 
23 Any angle leſs than a right one is called an acute angle, as ſig. 103 any 
« ane greater than « right one is called an abuſe angle a dg 11: and both « 

cute and obtuſe are called oblique angles. 8 Prog 8! ure 205 
12 24 If a ſtrait line ca, fig. ice nden be 
carried round, it will deſcribe a figure called 4 circle: the curve an is the cir- 
cumferunce, the point o at the immovcable end of the line is the centre of the 
eircle; any ftraic line drawn through the centre and terminated at each end by 

35 the cireumſerence is 4 diameter of the circle: thus, fig. 13, AB and r are dia- 


[ 


; 28 S meters Every diameter divides a circle into two equal parts, which are called 


I e e centferto'the circumference, as C4, 
5 —SA 25 All 


G. KSS wh a 


manner of drawing a circle; for the deſcribing line Ac, fig 12, is ſuppoſed to 
continue of the ſame length, all the while it is carried round; and if a circle 
be drawn with a pair of compaſſes,'the feet of the e EY 
kept at che ſame diſtance the one from the other. 
26 A circle is properly the whole figure, — when we name a 
circle, we frequently mean the circumference only; ſometimes by a circle is 
meant only the ſurface contained within the circumference, bur this is proper 
ly the area of a circle: the ſame is to be obſerved in ſpeaking of a ſemicircle. 2 
27 A piece of the circumference, is called an arch, or rather an arc of à circle, 
thus, fig. 14, the line Ap divides the circle into two arcs, acp and xyp#a ſttair 


line drawn from one end of an arc to the ——ͤ ˙ 


thus the line Ap is the chord of the arc acp, or of the arc Arp. ; 
28 — — wore ad 


a point, in ſuch a manner, chat, if it were extended both ways from the point 


14 


7 


of contact, it would not enter into the circumference, or cut any part of itt thus, 


fig. 14, GH is a tangent to the circle Acpr: geometers demonſtrate that a ra- 
dius of a cirele drawn to the point of contact is perpendicular to the tangent: 
thus, fig. 14, the radius Ey is perpendicular to o: Eucl. l. 3. prop. 188. 

29 Every circle may be imagined to be divided into 360 equal parts, which 
are called degrees of a circle: every degree into 60 equal parts, which ars call- 
ed minutes, every minute into 60 ſeconds, every ſecond into 60 fhirdi, &c: the 
mark for a degree is”, for a minute fora ſecond” „Se: 2 
minutes fifty two ſeconds are thus expreſt, 44 7 52 

30 The quantity of an angle is found, by el its . 
ing a circle which ſhall cut the legs of the angle, and meaſuring the arc con- 
tained between the legs: thus, to meaſure the angle 1 C, fig. 15 ſet one foot 
of a pair of compaſſes in the vertex c, and open them to any diſtarice at plea- 
ſure, ſo that the other foot of the compaſſes may draw a circle cutting ſome- 


where che two legs of the angle, as the circle appz does at the points & and 


B, let the circumference be divided into 3607, and obſerve how 


14 


N 14 


13 


are contained in the are AB, for of ſo many degrees is the angle ſaid co be: in 


the preſent example the arc Avi is 455, therefore the angle Len is an angle of 49. 
31 The quantity of an angle will be found the ſame, of what ſize ſoever 


the circle be drawn that meaſures it: thus, if inſtead of Aub; which for di- 15 


ſtinction, may be called the black circle, the angle ic be meaſured by a lar- 
ger one, as the pointed circle voni, divided into 750 I ſay the are ro will cn · 
ande aer aue, uf dey bens 48 Ng wTIGG 
wee CIS 

_ + | round 
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25 All ſemidiameters of the ſame circle are equal; chis heren 776 
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. round the point c, according to the order of the letters YH, it is manifeſt 
15 chat the point # will deſcribe the whole pointed circle, in the ſame time that 


the point A deſcribes the whole black circle: therefore when the line Lc is car- 
riedany part of iis round, as into the ſituation Mc, the point r will have de- 
ſcribed juſt as great a part of the pointed circle, as the point A will have de- 


ſcribed of the black eircle; that is, the arcs yd and AB ſhall each of them bear 
the fame proportion to its reſpective circle: ſo that if 20 is an eighth part of 


the pointed circle, AB will be an eighth part of the black circle: if one of theſe 


| ne the other ſhall be likewiſe of the fame number of degrees. 


32 Iris in conſequence of this laſt propoſition, thar we are able wich a ſmall | 
eircle, or piece of a circle, of braſs or wood, to meaſure arcs in thoſe yaſt cir- 


40 cles which we imagin in the ſtarry heaven it ſelf: for let Apr, fig. 16, be a 


circle of braſs, whoſe circumference is divided into 360*, let r and G6 be two 
ſtars, whoſe diſtance from one another is to be meaſured: if the ſtar q be view- 


ed through two fights placed in the line cs, the eye being at c, and at the ſame 


time the ſtar p be viewed through two fights in a moveable ruler, whoſe edge 


lies upon the line c, then will the number of degrees in the arc AB of the braſs 


circle, which in the preſent example is 400, ſhew the number of degrees in o, 
” an arc af 3 circle imagined tobe drawn in the heaven through the tars r and 


oz mu the diſtance of thoſe ſtars'is ſaid to be 40, | 

33 To fave the trouble of dividing a circle into 3600, in order to meaſure 
the degrees of an angle, you may make uſe of an inſtrument called a protrador, 
which is a micircle of ſilver or braſs divided into degrees, and, if it be large 
enough to admit of ſuch diviſion, into halves and quarters of a degree; the ſe⸗ 
venteenth figure gives the picture of the protractor, the manner of uſing it is 
as follows; if it he required to meaſure the angle LM, fig. 17, lay the central 


point of the protractor upon c, the vertex of the angle, with the ſemidiameter 


of the protractur on upon c, one of the legs of the angle; the arc of the pro- 


_ . tractor vn contained between the legs of the angle ſhews the number of de- 


the angle ven contains, which. in the preſent example is 4 5*, | 


— — an angle be drawn of any number of de- 


17 grees required; thus, to lay don an angle of 4503 draw a ſtrait linear pleaſure 


CM, lay upon it the ſemidiameter of the protractor cn, ſo that its central point 


may fall upon ne end of the line, as e, make a mark p with a pen, cloſe to the 
ence of the protractor, at the diviſion of 455, take off the protractor, 


10d du lng from e 0, a car the angle 24 will be of 45 as 


: = 1 apc 1 u lf evident propoſit 
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ties be added to equal ones, the ſums thereby produce pill be equal. 3K Fic. { 


from equal quantities equal ones be taken, the remajaders will be eq 
any two quantities are equal to a third quantizy, the ae Xt 
5 Thoſe quantities which having A third q = deg 

them are equal, are equal 2 | 


36 Thoſe angles which ar Weber as they ſometimes ſpe 
by equal arcs of the ſame ci 8 
to the arc Ak, the angles a . are equal this is evident from 
of meaſuring angles, whichiis taught, v3 * „ 8 

37 If one ſtrait line Ac Al 
of it, fig. 18, there will be 10 | 


38 The meaſure of any two Met” rangles ACP. and ACE is4 3 18 
or 180?; for if from their common vertex vα draw a circle AER, cutting 
their legs in the points A, D, and E, then pz ſhall be a diameter, ind na a. 
micircle, by $ 243 but ran Ef d A 

39 Any two conſequent angles Atp and Ac 
if Ac be perpendicular to DE, ang 
the definition of a right angle, & 22: if re be dra 
the oblique angles D and equal to | Lac! 52 
by the foregoing propoſition, becauſe they have the fre meaſure as s they have, | 


V2. the ſemicircle Ex Ap. 


lines drawn to the vertical point, fig. I ſum of all\theſe angles A, B, q, , 7 
equal to two right — . ſemicirck HG meaſure all, and it 


4 1 5 * p 


„ to two te ue 
to two right angles, for 


*42 Since a — — 
circle go?, or, as it is frequent call | 
angle; a whole circle 360* is the meaſure of 

Corollary. If more than two ſtrait 
all the angles Deen formed r 
for the meaſure! 0 f them all 


8 INTRODUCTION. 


210. fite-to cach other at the vertex are called vertical: in the FOR before us, the 
22 two acute angles Ach and BCE conſidered together are called vertical angles, 

in like manner the two obtuſe angles Acx and cy are vertical. | 
7 22 44 All vertical angles are equal: in the figure laſt mentioned, the two acute 
angles are equal, the two obtuſe angles are alſo equal: demonſtration, ach and 
ACE are equal to two right angles, being conſequent, F 39; Ack and Ecs are 
equal to two right angles, for the ſame reaſon; therefore, 5 35 axiom 5, Acb 

and xen are equal; which was to be proved, 

?3 45 Two lines as AB and cv, fig. 23: are ſaid to be parallel, when they are i in 
every-part-at equal diſtances from one another: the diſtance between parallel 


lines are in this figure; if theſe pointed lines are all equal, e 
ey are parallel: the oppoſite edges of a flat ruler, which is made throughout 
of the ſame breadth, will ſerve very well to repreſent parallel lines. 

46 Parallel lines, to what length ſoever they be extended, will never meet, 

bu continue ſtill equidiſtant from each other.. 

47 If a ſtrait line px croſſes two parallel linesLM and no, 5g 24, it will have 
9 inclination to both; if it is perpendicular to one, it will be ſo to the 
other; if it croſſes one obliguely, it will croſs the other with the ſame obliqui- 

ty: that is, the angle A will be equal to 3, and the angle c to p; this is evident 

from conſidering the interſecting line as inflexible, which therefore cannot 
bend from or towards one. line more than che other, if they are parallel, as is 
1 in the propoſition, 

48 If a ſtrait line yx cuts two parallel lines LM and no , fig. 25, it makes 
n them eight angles: four of which, A, B, nh, G, are e the other four 
e, b, EF, are internal. The angles p and x conſidered together, are called alter- 
ute, as are alſo c and v. The angles E and A conſidered together, are called op- 

pofite angles on the ſame fide, as are alſo and v. The angles c and x conſidered 
4 are called internal angles on the ſame fide, as allo are p and 7. | 

:r49 The alternate angles c and r, fig, 25, are equal; demonſtration, ois equal 

eee is equal to r, by 5 47, — ois equal 
to r hich was to be proved. Ine eee Þ and E may be proved 
„ 

5o The internal angles on the ſame fidg pand F are equal to tworight ones: 
1 y is equal to c * — . propoſition, being alternate; c 
and p equal to two . — conſequent, $ 39 ; therefore by 5 35 
Axim 5, Þ andd r arg eq angles; which was to be proved. 
251 One a B called * 3 when after a ng 


n dra from my ſuppoſed, in — propoſition, that 


2 2 


lines is meaſured by other lines drawn perpendicular to them, as the pointed 
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cluſion is firſt ſuppoſed, and then chat which was before ſuppoſed, is drawn 10. 
from it as a conclafion: for example, in this propoſition, if two parallel lines 
are croſſed by a third, the alternate angles will be equal; the ſuppoſition is, that 
the lines are parallel, the concluſion, that the angles are equal: the converſe of 
this propoſition is, if the alternate angles are equal, the lines are parallel; here 
the ſuppoſition is, the angles are equal, and the concluſion, that 1 ine are 
parallel. geometry wherever the inſeparable and incommunicable proper- 
ty is foun re is the thing itſelf; and Wo ere about ck 24 a 
ties infers th of its converſm. 

52 A 1 is a plane figure encloſed by: three lines, which Ae l 
three angles. The lines which form a triangle are called its Ades; if che fides 
are all ſtrait lines, it is a plane triangle; if they are all curves, it is a curuilintar 
one; if they are of both kinds, it is a mixt triangle: we are at preſent treating 
of plane triangles: in every triangle an angle may be ſaid to be oppofite to a fide, 
or a fide oppoſite to an angle: thus fig. 29, the angle c is oppoſite to the ſide nA, 29 
the angle B; is oppoſite to the ſide & A, and the angle A to the fide gc: in the 
ſame figure, the fide 3A is oppoſite to the angle ©, the fide 30 is N 0 
the angle A, and the fide A to the angle 3. 

1 triangle may have all its ſides and all its angles equal, as fig; 26; or 26 
only two fides and two angles equal, as fig. 27 or all the ſides and all che an- 
gles may be different, as fig: 28. A right-angled triangle is that vrhich has one 
of its angles a right one: an obtuſe-ang led triangle is that which has one * 
angle: an acute-angled triangle is that which has all its angles acute. 

54 Sometimes we call one fide of a triangle the baſe, and then the other Fo 
ſides are called its legs: any fide of a triangle may be confidered as its ua 
we commonly call that ſo which lies neareſt to us, When we vw Gs trian- 
gle: thus, fig. 29, Ac is the baſe of the triangle ae. 

55 In every triangle ABC, fig. 29, the three angles 4 ono crodkn * 29 
gether, are equal to two right ones: demonſtration, if through the vertex of 
the angle 2 the line yz be drawn parallel to the baſe Ac, the lines BA and 
BC may be conſidered as falling upon theſe two parallel lines; and then the 
angles A and ABE are equal to two right ones, being internal oppolice.on the 
ſame ſide, 50: now the angle Az contains the two angles ; and p; therefore +. 

a and B and p are equal to twyo right ones, but p and © are equal, becauſe alter 
nate, & 49; therefore A and B and c added together are equal to dwo right 

gles; which was to be proved. Eucl. l. 1. p. 32. This propoſition is 4 
have been invented by Pythagoras, and is brought by Ariſtorle and others ag an 
example of a perfect demonſtration:? many corollaries or e 80 


drawn from it, anc which cs a ally x the aß &: 
70 ; 


4 
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Fic, Cor. 1, The ſum of the angles of any one triangle is equal to the ſum of the 
angles of i any other triangle; viz. 180% or two right angles. 2, The quantity | 
or number of degrees, of any one angle of a triangle being given or known, the 
quantity of the other two angles may be known: thus, in the preceding figure, 

| if the angle A be 70”, the ſum of the angles n and c will be 110*: for 00 ad- 
ded to 110" is 180". 3, The quantity of two angles of a triangle being given, 
29 che quantity of the remaining angle may be known: thus, in fig. 29, if the ſum 
of the angles B and c be 1105 the quantity of the angle a i is 700. 4. If two an- 
gles in one triangle are equal to two angles in another triangle, che remaining 
angles are equal. 5, In every right-angled triangle one acute angle is the con- 
plement of the other to 90. 6, If one angle in a triangle be a right one, the 
'other two angles are acute. 7, If any right-angled-triangle has one acute angle 
equal to one of the acute — of another angle triangle, thoſe trian- 
les are equiangular. 
506 Trigonometry is the art of meaſuring triangles; to meaſure a triangle is 
to find out the quantity of every angle of it, and the length of every fide: 
ſometimes, by meaſuring a triangle we mean finding out the area of it, the 
way of doing this ſee below, F 64. There are in every triangle fix things chiefly | 
o be conſidered, v:z. three angles and three ſides; trigonometry teaches us hom 
- we may, if ſome of theſe are given, find out all the reſt: the corollaries im- 


fs. wad ad So OG#w DX — A at. _ in 


1 
2 mediately preceding point out to us ſome of the firſt ſteps to be taken in tri- c 
gonometry; before any further progreſs therein is attempred, ſeveral things ar: Wl t 
to be premiſed; and firſt e One aver! fearas, or ſuch ll | 
at have four fides. = : 
57 If a quadrilateral figure has either its oppoſite fides or its mounts an- { 
30 PS. unequal, it is called a trapezium, fig. 30. If a quadrilateral figure has its Wl e 
oppoſite ſides parallel, it is called a parallelgram, as figg. 31, 32, 33, 34» 35,36 ſ 
If a parallelogram has all ics angles right ones and all its fides equal, it is call- ft 

31 ed a fquare, fig. 31. If a parallelogram has all its angles right ones and only 
$2 its oppoſite fides equal, it is called 1s rectangled parallelogram, or more uſually Wl © 
33 4 reftangle, figg. 32, 33- *If a parallelogram has all-its angles oblique and all m 
34 its fides equal, it is called a rbombus, fig. 34. If all the angles of a parallelogram is 
35 are oblique, and only the oppoſite fides equal, it is called a rbomboid fig. 35. m 
58 A parallelogram is named by ſetting down. the four letters or other marks Wl ta 
: placed at the four corners of it, and ſometimes by mentioning only two letter ll 2! 
36 or marks placed at two oppoſite corners; thus the 36' figure may be called th fi 
| Parallclogram: ABCD, or the parallelogram Ac, or zv. be 
$59 The generation or formation of a parallelogram may be conceived in the a 


n manner: let it be ſuppoſed chat a right line AB, fig. 37, which or” 
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be called a deſcribent, is carried or moved, ſo as to be all the while parallel to it Fs · 


ſelf in its firſt ſituation, along another line Ar, which will be a dirigent; when 37 
the deſcribent has moved from its fituation as, and is come into the ſituation 
Er, the ſurface it has paſſed over or deſcribed is the parallelogram Arr. 
bo The menſuration of ſquares and rectangles is eaſily underſtood, from con- 
ſidering the manner in which they are generated: let it be ſuppoſed that the 
deſcribent AB is, before its motion, divided into any number of equal parts, z7 
as 4, and the dirigent, which in order to generate a rectangle or ſquare muſt 
ſtand at right angles to the deſcribent, into as many of the like parts as it con- 
tains: for example, let the length of the deſcribent be 4 inches, and the length 
of the dirigent 6; when the deſcribent has moved one inch upon the dirigent, 
the ſur face deſcribed by it will be 4 ſquare inches; when it has moved 2 in- 
ches upon the dirigent, it will have deſcribed 4 more, in all 8 ſquare inches 
Gcʒ when it has moved upon the dirigent a length equal to its own, vix. 4 inches, 
it will then have deſcribed a ſquare aBcD, which contains an area 4 times 4, 
that is 16 ſquare inches: let this motion of the deſcribent be continued till it 
has moved upon the dirigent the whole 6 inches, and it will then have de- 
ſcribed a rectangle ABFE, whoſe area is ſix times 4, that is 24; ſquare inches. 

61 From hence it appears, that the way to find the area of any rectangle Ar, 37 
is to meaſure two contiguous ſides of it, as AB and Ax, and ſee what number 
of feet, inches, or tenths of an inch, or any other known meaſure, each fide con- 
tains, and to multiply the number of feet, inches, &c of one fide by the num- 
ber of faet, inches, &c. of the other fide; thus, if AB is 4 inches and AE 6, mul- 
tiply thoſe numbers 4 and 6 together, and the product 24 is the amber of 
ſquare inches contained in the rectangle Ar: ſince all the ſides of a ſquare are 
equal, the area of a ſquare is found by multiplying any one of its ſides by it- 
ſelf; thus if a room is ſquare, and has each fide 12 feet long, the arca of the 
floor is 12 times 12, that is 144 ſquire feet. 

62 Not only ſquares, and rectangles, but · all other kinds of FER W as 
circles, triangles, &c have the quantity of their areas expreſt, by ſaying how 
many ſquare feer, ſquare inches, &c, they contain; the ſame way of meaſuring 
is alſo applicable to convex or concave ſurfaces, as well as plane ones; thus, I 
may find how many ſquare feet &c, are contained in the ſuriace of a moun- 
tain or valley, or even of the whole earth it ſelf, I ſhall now ſhew the method 
of meaſuring the areas of ſuch plane figures, as we may have occafion to con- 
ſider in the following work; the demonſtrations, which are here volts; may 
be ſeen in the common books of geometry, 

63 All parallelograms, whether oblique-angled ones or b having 


equal baſes and equal e are equal; =o 2 Wong — 38 
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FIG. the rectangle Ac and the oblique parallelogram ce are equal, if their baſes pc 
33 and cx are equal, and if they have the ſame perpendicular height Ap and x1, fo 
that both of them can ſtand between the ſame parallel lines Ar and p1: from 
hence it follows, that the way o find the area of any oblique-angled parallels 
gram as CF, fig. 38, is this; multiply the baſe pc by the perpendicular height 

FI, and the product is the area. 

64 A ſtrait line drawn from any corner of a parallelogram to the oppoſite 
36 one is called a diagonal: thus, fig. 36, AC is a diagonal. Every diagonal divides 
36a parallelogram i into two equal triangles: thus, fig. 36, ABC and apc are equal, 

as 1s eaſy to demonſtrate, Eucl. . 1. p. 34: and therefore, every triangle is half 

a parallelogram which has the ſame baſe and the ſame perpendicular height: 
39 therefore, to find the area of any triangle Bac, fig. 39, multiply the baſe AB by 

the perpendicular height cp, and half the product is the area. 

65 A polygon ſignifies a plane figure with many angles: no figure is called 

· by that name which has not more than four angles: many polygons are called 

*by particular names, expreſſing the number of angles they contain, which is 

always the ſame with the number of their ſides; thus if a polygon has five an- 

*gles or ſides, it is called a pentagon: if fix, an hexagon: if ſeven, an beptagon: 

if eight, an octagon: &c. theſe are all called regular, when their angles and fides 

are all equal, and are underſtood to be regular when nothing is ſaid to the con- 

40. trary. Any polygon, fig. 40, may be divided into as many triangles as it has 

-«fides, if any where within the polygon, you take a point q, and from thence 

draw a line to every angle A, B, c, p, x, r: the area of any polygon is the ſum of 
©*the areas of the ſeveral triangles into which it is thus divided. 
4 66 To find the area of any irregular plane figure aB ox, fig. 41, let it be di- 
- vided into triangles by drawing lines from one angle to another, as is here done, 
find the area of each of thoſe triangles, by F 64, the ſum of them is the area 
of the whole figure. 

67 To find the area of a circle is the ſanie thing as to find the quantity of 
its ſurface in ſquare meaſure, which is commonly called, to ſquare the circle; 
this may be done, if we can find a ſquare, triangle, or any other rectilinear plane 
figure, equal to the circle; becauſe the area of any ſuch figure may be found, 
by F 64 and ny for this purpoſe, the following propoſition is demonſtrated 

42 . area or. any circle ADE, fig. 42, is equal to the area of a e 
triangle BAC, which has one leg Ac equal to the radius, and the other leg 43 
equal to the circumference of the circle. 

Schokum, the only difficulty here is to find a ſtrait line equal to the circum- 

- ference, the radius being given, or, which is the ſame thing, to find the ratio 
between the diameter and circumference; this can never be done exactly, — 

a Tacquet's Geomatria pra ica I 2. cap. 12. Pardie Geometr, I. 4. 5p. 31. 
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we may come as near exactneſs as we pleaſe; we ſay in groſs, and inaccurately, 
that the diameter of à circle is to its circumference as 1 is t$.4; ſo that if the di-+. j 


ameter of a circle e is ohe f or; the cire — ce of it will pe P? 3 


theſe numbers are fit onl br ſu 
' Archimedes found r of} 
22; this is exac᷑ 
culation, found th ite 
in numbers of 36 plaoes wel this was looked upon to be ſo conſiderable a per- 
formance, that the numbers ſtand engraved upon his tombſſone, to TY 

the memory thereof: His numbers ate theſe 9 K 
if — _— ee ea 1 000000, 000000,/ 000000, 06000Þ pf 
the circumference will:be|3 14159, 265358, 973, 846264, 33832 0288, 

in theſe numbers, that hich the bend e 7 2 lm + 8 
and yet if inſtead of (8), the firſt figure upon the right-hand, we were to p 8 3 
the figure (9), the —— — circumference would then be to 
great; with either of theſe figures, it s ſonear the truth, that the diameter of the 
earth being given, we might from thence ute the number of ſands equal 
tothe ſolid content of the whole earth not to diff ee 1 8 
from the truth. Yan Ceulen's numbers | = dot ty. 3 >. 
-arithmetician Mr Abrabam Sharpy this Ras che, 
-almoſt beyond belief} ſufficient: if the diameter f 5 * 8 
were given, in grains of ſand to compute the number of oi peof 
might be contained in the concavity thereof. 
68 We ſhall be exact enough for moſt purpoſes, if we take theſe numbers 
only as far as the four laſt * on the left hand, andi ſay the diameter of a, . 


circle is to its circumference; n 1000 to 314.1: bers, by the 
help of the golden male, the diameter of acircle belag given, the c . 

may be found: or che circumfeſen being given, diameter may be f 8 
very near the truth. See this whole Y e vt Tac . 
in his Geometria-prabtica, mw ene ex Archimede, prop. = 


6: ſee alſo Sherwin s tables p. 5 
Example 1, If the — of a circle be 138204 feet, how * feet 
is its diameter? _ anſwer is 44000 . nnn. . 
204 feet.; > 4 


314 
Eranple 27 If the diameter of 


e thus a =» 
| D 


being given, multiply half 
duct is the area 3 by þ 
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| Fi6. 69 A plane number is that which may be produced by the multiplication 


of one number by another: thus, 6 is a plane number, becauſe it may be pro- 
duced by the multiplication of 3 by 2, for two times 3 is 6; again, 15 is a plane 
number, becauſe it is the product of 5 multiplyed by 3. Thoſe numbers which 
multiplyed by each other produce a plane number, are called the fides of the 
plane: thus 5 and 3 are the fides of the plane 15. If we ſuppoſe the units of 
which any plane number conſiſts, to be repreſented by little ſquares, thoſe 
ſquares may be placed in the form of a rectangle; thus, the number 15 may 
43 be repreſented by a rectangle, one of whoſe ſides is 3, the other 5: fig 43, 
*70 A ſquare number is a plane number whoſe ſides are equal; the product of 
any number multiplyed by it ſelf is therefore always a ſquare number: thus, 4 
44 is a ſquare number, becauſe it may be produced by multiplying 2 by 2, fig. 44.; 
45 again, let 3 be multiplyed by 3, the product is q, a ſquare number, fig. 4 5; let 4 
45 be mulriplyed by it ſelf, the product will be the ſquare number 16, fig. 46, &c. 
The fide of a ſquare is called the ſquare root of that number, thus 4 is the ſquare 
root of 16. Every ſquare number may be ranged in form of a ſquare; and 
the converſe of this is true, viz. that every number which can be ranged in 
the form of a ſquare is a ſquare number; ſee the three figures immediately pre- 
ceding. We are taught in the common books of arithmetic how to find out 
the fides, or, as it is uſually called, to extract the ſquare root of any number 
given; if a number is a ſquare, its root may be found exactly in whole num- 
bers; thus the ſquare root of 16 is 4: if a number is not exactly ſquare as 17, 
47 fig. 47, its root cannot be found exactly in whole numbers, but inſtead there- 
bol it is uſual to take the root of the next ſquare number below it, as 16, and 
make uſe of it with ſome fraction. =o 
71 By comparing lines and numbers together, we ſee that a rectangle in 
geometry is the ſame to the lines by which it is generated, as the product in 
arithmetic is to the numbers from the multiplication whereof it ariſes: the 
ſquare of a number is the product of that number multiplyed by it ſelf, and 
the {quare of a line is the ſquare produced by the multiplication of the line into 
itſelf, that is, by imagining a deſcribent to be carried along a dirigent equal 
to itſelf, as already has been explained 5 60. 8 2b 
72 One kind of quantity is frequently expreſt by another; numbers will 
ſerve to Sper all kinds of quantity; thus, if I compare two.cannon balls to- 
"gether, and find the weight of one double to the weight of the other, I may 
expreſs the weight of the heavieſt ball by the number 8, and the weight of 
the other by the number 4: in the ſame manner may different quantities of 
motion, of heat, light, &c. be expreſt by numbers: all kinds of quantity may 
be alſo expreſt by lines; thus, I may expreſs the time of one hour by a line of 
£2 8 | 1 ES 2 a deter- 
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a eines length, and the time of two hours by a line twice as long as the 
former: different quantities may be alſo expreſt by rectangles or ſquares of 
different magnitude; by this means, geometry as well as arithmetic is uſeful in 
computing all ſorts of quantity: for when quantities are repreſented by num- 
bers, lines, or ſquares, we may proceed to compute with thoſe numbers, lines, 
or ſquares, and thereby diſcover the proportions of thoſe quan tities ie 
they repreſent. 

73 An ali quot part of any quantity is that which repeated a certain num- 
ber of times, (aliquties) exactly meaſures that quantity; an aliquant part of 
any quantity is that which does not meaſure it: thus, in numbers, 2 is an ali- 
quot part of 8, becauſe 2 repeated 4. times is equal to 8: but 3 is an aliquant 
part, becauſe if repeated twice, it is leſs than 8, if repeated thrice, it is more 
than 8: thus, a line 2 inches long is an aliquot part of a foot, a line 5 inches 
long is an aliquant part of a foot. 


74 Any two quantities are commenſurable, or, as they a are ſometimes called, 


rational, when a third quantity can be found which is a common meaſure to 


them both: thus 2 is a common meaſure to 4 and 12: and 3 is a common 
meaſure'to gand 15: all numbers are commenſurable; becauſe an unit is their 
common meaſure; and all commenſurable quantities may be expreſt by numbers. 


75 Incommenſurable, irrational, or ſurd quantities are ſuch as have no com- 
mon meaſure, and cannot be expreſt by numbers: thus geometers demon- 


ſtrate, that the diagonal and fide of a ſquare are incommenſurable © | | 
76 When we compare two quantities together, as to more or leſs, and en- 
quire whether they be equal or nor, and, if unequal, how much one is greater 
or leſs than the other, we are ſaid to conſider the ratio or reaſon of thoſe quan- 
tities, and we ſay one is in ſuch a ratio to the other: in ſuch compariſons the 
firſt quantity is called the antecedent, the ſecond the conſequent: if the antece- 


dent and conſequent are equal, they are ſaid to be in à ratio of equality; if un- 
equal, in @ ratio of inequality: when the antecedent is greater than the conſe- 


quent, as in the numbers [8 : 411 it is in @ ratio of majority: when the antece- 
dent is leſs than the conſequent, as [ 4 : 8, ] it is in @ ratio of minority: in ratio's 
of inequality the leſs number is either an aliquot part of the greater, as in the 
numbers [ 12: 3, ] or an aliquant part of it, as [ 10: 3. ] The names of ſome of 
thoſe ratios of inequality that moſt frequently occur, are theſe that follow. 


77 In a ratio of majority, when the antecedent contains the conſequent E: 


twice preciſely, as [8:4,] the antecedent is faid to be in a duple ratio to the 
conſequent: when it contains it three times, as [9:3,] it is in a triple ratio: 


when four times, as [12: 3,] in a quadruple ratio &c: wag CE con- 
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FIG. tains the conſequent once, and a half of the conſequent, as in theſe numbers, 


[3:2,] it is in a ratzo ſeſquialtera: when it contains the conſequent once and 
a third part, as in theſe numbers, [ 4: 3, Tit is in a ratio ſeſquitertia &c. 


78 In ratios of minority, the fame terms are uſed as before, with the ad- 


dition of ſub; thus, when the antecedent is contained in the conſequent twice, 
as [A: 8, ] the ratio is ſubduple: when three times, as [3:9,] it is ſubtriple: when 
four times, as [ 3: 12,] it is ſubguadruple: when once and a half, as [2:3,] it is 
fubſeſquialtera : when once and a third part, as [ 3:4, ] it is ſubſe/quitertia, &c. 
79 When we conſider four quantities together, and compare them by pairs, 


two with two, and find that the ratio between one pair is equal to the ratio 


between the other pair, we call this equality or ſimilitude of ratios proportion ;, 

and thoſe four quantities are ſaid to be proportional. Proportion is either direct 

or reciprocal; direct proportion is where the firſt antecedent is to the firſt con- 
ſequent, as the ſecond antecedent is to the ſecond conſequent: thus, in theſe 

four numbers, 4, 6, 8, 12, if I compare the pair [A: G,] with the pair [8:12,]1 

ſhall find chat 4 is in the ſame ratio to 6, as 8 is to 12; which is uſually thus ex- 

43 preſt, 4:62: ;: 12; thus, in the four lines of fig. 48, ſo that ab: a: :cd: cp: 
that is, the line à ö: is in the ſame ratio to AB, as cd is in to cp. If the 
quantities are expreſt by numbers, in dire& proportion more requires more, 
or leſs requires leſs; the greater the third number is, the greater muſt the 
fourth number be; or the leſs the third number is, the leſs muſt the fourth 
number be: thus, in this example, if one degree of a great circle upon the earth, 
is equal to 66 Italian miles, to how many ſuch miles will 360%, the whole 
circumference of the earth, be equal? here more degrees require more miles; 

rhe anſwer is 21600 miles; thus expreſt, 1*:60mi& : : 360: 2 1600. 

24 Example, if the moon goes through a great circle in che heaven, or 360? 

in 27 days, how many degrees will ſhe'go in one day? here leſs requires leſs, 

chat is, in leſs time the motion will be of fewer degrees; the anſwer is 13*: 

with a fraction or piece of a degree, thus expreſt, 27: 360*: : 149: 137. 

In numbers . dne , three numbers being given the fourth is found 

þy the fingle golden rule direct. INES" ; | 
80 When three quantities are ſuch that the firſt quantity is in the ſame 

ratio to the ſecond as the ſecond is to the third, the ſecond quantity is called a 

mum proportional between the firſt and the third: thus, in numbers, 12 is a 
49 mean proportional between 6 and 243 for6: 12:: 12:24: thus, in lines, fig. 49, 

B is 4 mean proportional between A and c; for A: B:: 3: CG. 

8 Reciprocal proportion is where more requires leſs, or leſs requires more; 
that is, the greater the third quantity is, the lat will the fourth be, or the leſs 
he chird quantity is, the greater will the fourth be; thus, if I would poiſe 
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do unequal heavy bodies 4 and 1, fig 50, fixed at the two ends of a beim AB, FIG. 
ſo as to make them reſt in ægualibrio, or to be of equal weight, 1:mnuſt place 50 
the fulcrum or ſupport c under the beam in ſuch a manner, that che diſtances 
of the centers of the heavy bodies from it may be reciprocally as their weights; . 
that is, if che weight of A be triple the weight of B, the diſtance of n; from e 
muſt be triple the diſtance of a from c: here greater weight requires propor- 
tionally leſs diſtance, and leſs weight requires proportionally greater diſtance 
from the fulcrum; the point c, where the fulerum muſt be placed to ſupport 
x mer e fore ee the nur bang ie of thoſe bodies. 
In numbers reciprocally proportional; three numbers 8 5587 tha 5 0 
is found by the fingle golden rule inverſe. | 
82 Any quantity. conſidered as capable by ei pt | 
or -being produced by, another quantity, is called @: power: the produce 
factum of any quantity multiplyed by it ſelf is called the ſecond power, or 
ſquare of the ſimple quantity ſo multiplyed: if that ſquare is multiplyed by 
the firſt fimple quantity, the product is called the third power, ot cube, cc 
in all theſe caſes, the ſimple quantity, to which the reſt owe their origin, 'is 
„ and in geometry the fide of the ſquare, or cube, 
Fer thus, in numbers, let the root be 4, the ſquare number produced by 4 
multiplyed by 4, is 163 the ſquare 16 multiplyed by tlie root 4, produces the 
cube number 64: thus, in lines, fig · 5 l, the line aB, multiplyed by it ſelf gene- 51 
rates the ſquare ABcD: this ſquare multiplyed by the fide as, or carried pa- 
rallel to it ſelf, in its firſt ſituation, along a line AG, perpendicular 02 20 uo 


4. 
-- l 


83 Wantities that being multiplyed into themſelves produce, equal Guse, 
equal cubes &c, are ſaid to be egual in power: in latin, ægquipaſ. 
+84 Ratios may be v onſidered not only between ſimple quantities, but allo 
between their powers: the ratio between two ſquares or cond powers is cli 
ed a duplicate ratio: the ratio between two cubes or third powers. is called 4 
triplicate ratio: r 5h WEAR On. nd 
and third power is called a ſeſquiphcate ratio. Eos . 
85 Firſt example of direct proportion of powers; the arcas of any wo cle. 
cles abed and Akzo, fig: ga and 53, are in a duplicate ratio of their diameter 
or as the ſquares of their diameters; thus, let the diameter ac be 12; and the 55 
diameter Ac be 20; the ſquare of 12 i is 144, the ſquare. of 20 is Dane 
lay, the area of abe di area of ae: : 144: 400. Euclid. lib. a. PD,, 
86 Second example; the ſurfaces of any two ſphetes 4 ONES "4 
ure as the ſquares of their diameters *;' thus, — 1 
_ LE ep. 44; 


FIG. | the diameter of s 8, the ſquare of fix is 36, the ſquare of 8 is 64; I ſay then 


1 


-18 INTRODUCTION. 


eh that the frſace of A is to the ſurface of B, as 36 is to 64. 

87 Third example; the ſolid contents of two ſpheres, A and B, of different 
54 e fig: 54 and 55, are in a triplicate ratio of their diameters, or as the 
55 eubes of their diameters: thus, let the diameter of A be 6, and the diameter of 
B'8; the cube of 6 is 216, the cube of 8 is 512, I ſay then the ſolid content of 

A is to the ſolid content of x, as 2 16 is to 5 12. Eucl. 12, 18. 
88 Fourth example; of reciprocal proportion of powers; the intenſeneſs of 
all corporeal qualities or powers which are diffuſed every way in ſtrait lines 
from any natural body, as from a center, ſuch as light, heat, ſmell'Sc, is re- 
ciprocally as the ſquares ofthe diſtances ofthe acting body from the bodies ated 
upon. To give an inſtance in light; it is evident that the intenſeneſs of the 
ſuns light, falling upon any given ſurface, is greater or leſs, according as his 
rays fall upon it in greater or leſs quantity; or in other words, any ſurface is 
more or leſs illuminated, according as che light falls thicker or thinner upon it; 
wr that this denſity of the ſuns light is reciprocally as the ſquares of the 
Uiſtances of the illuminated bodies from the ſun, is thus demonſtrated: let s 
56 be the fun ſending forth rays of light every way round, in the trait lines 84, 
83, 8C, 8D, &c, all theſe rays, at the diſtance s a, are ſpread uniformly over 
the ſpherical ſurface abede; at the diſtance 84, the fame rays are ſpread uni- 
 fortulyover a larger ſpherical ſurface azcpx; the light then muſt be as much 
thinner t upon this larger ſpherical ſurface than it is upon the ſmaller one, as the 
larger ſpherical ſurface is greater than the ſmaller one: now the ſurfaces of 
þ xjupig the ſquares of their diameters, by q 86; that is, the ſpherical ſur- 
i ABCDE is to the ſpherical ſurface ab c de, as the ſquare of 8A is to the 
' ſquare of 84: therefore the light at A is to the light at a, as the ſquare of 84 is 
to the ſquare of 8A: which was to be proved. The following experiment, taken 
out of Smith's Optics pag. 17, may ſerve for a further illuſtration of this matter. 
Let the light which flows from a point 4, and paſſes through a ſquare 
Boe belle, be received upon a plane gc, placed parallel to the plane of the 
hole; if the diſtance of the plane gc from the point A be twice as great 
as the diſtance of the hole from that point, the light will then be ſpread over 
a a furface which is four times as large as the aperture of the hole, as appears 
by the figure, where >cpx is divided into four ſquares, each of which is e- 
qual to the ſquare 3e de; if the diſtance of the plane which receives the 
2 coming through the hole be three times the diſtance of the hole from the 
oint A, the light will then fall upon a ſquare ſurface poul, nine times as 
as the ſquare aperture of the hole, as isevident alſo from a view of the 
1 ede — nn Rr mn PRA, 
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times the diſtance, the illuminated ſurface is ſixteen times as large, Cc; the ſur- 

faces illuminated increaſing as the ſquares of their diſtances from the illumi- 
nating point: thus, let there be two bodies of equal ſurfaces a and 4, ig, 56, 56 
at different diſtances from the ſun, let the diſtance of A from the ſun be as 4. 
and the diſtance of a as 8; then will the quantity of the ſuns light falling upon 


4 compared with his light which falls upon a, be in the ſame ratio as 64, the 


uare of 8, is to 16, the ſquare of 4: by this method, the ſeveral diſtances of 
2 planets from the ſun being given, the force of the ſuns heat or light upon 
them reſpectively may be compared: thus, if the diſtance of Mercury from the 
ſun be as 4, and the diſtance of the earth as 10; the heat upon Mercury ſhall 
be to the heat upon the earth, as 100, the ſquare of 10, is to 16, the ſquare of 
4. By this method alſo the different force of the ſuns hear upon the. carth, 
ii from ber rims diſtances from the ſun, may be found: thus, let the di- 
ſtanee of the earth from the ſun in ſummer; be as 1008, her diſtance in winter, 
as 1000; then, if no other cauſe of the difference of the ſuns heat were to he 
conſidered, but the difference of his diſtance from the earth, ſummers heat 
would be to the winters heat, as 1000000 the ſquare of 1000, the winters di- 
ſtance, is to 1016064, the ſquare of 1008, the ſummers diſtance, ... 

89 Fifth example; the gravitation of the ſeveral primary planets towards the 
ſun is reciprocally as the ſquares of their diſtances from him; Newt. princ- 
P. 362. ed. 2. Thus, let the diſtance of the earth from the ſun be 10, the diſtance 
of Mercury 4 ; the ſquare of 10 is 100, the ſquare of 4 is 16; I ſay then, Mer- 
cury's gravitation is to the carths gravitation in the ſame ratio as 100 is to 16: 
the gravitation of Jupiters ſatellits towards Jupiter, and of Saturns ſatellits to- 
wards Saturn, is in the ſame proportion, via. reciprocally as the ſquares of their 
diſtances from their primary; and may be compared by this method. 

o Sixth example, of proportion between different powers; if the 
times in which the planets go round the ſun be compared with their middle 
diſtances from the ſun, che proportion ſtands thus; their periods are in a ſef- 
quiplicate ratio of their diſtances; or in other words, the. ſquares of their pe- 
riodt are as the cubes of their diſtances : thus, if we conſider Venus and rhe earth 


together, we ſhall find that the ſquare of the period of Venus is to the ſquare 


of the earths period, as the cube of the diſtance of Venus is to the cube of 
the 3 The periodical times of the ſecondary planets motion 


round their primaries are likewiſe in the ſame ratig of their diſtances from 
their primaries, Præfat. in edit. 2. Newtoni Princip. lib. 3. pag. 2 59. & 360, 


The fix following ſections, are uſeful for the underſtanding the ww ; 
_ of fines, &c, but may be Mn by ie a ute Fury 
that affair, 9 mile, 


twice as large; at three times the diſtance, it is nine times as large; at four 21d. 
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rid. 91 Similar Plane figures are ſuch as have their. correſponding parts pro 


1 | 
92 All cireles are fimilar + the circumference of any one circle isin the ſame | 
ratio to its diameter, radius, or are of a given number of degrees, or chord 
of a given are, as any other circle is to its diameter, radius, or arc of a liks 
"HIRE CONE n. A's | 
93 Similar parallelograms are ſuch as have their correſponding fides pro- 
ip and their correſponding angles equal: thus, the two parall | 

58 *AD and ad, fig. 58 and 59, are fimilar, if the ratio between the ſides is ſuch 
55 that, ab: AB: : ac: AC, and if the angle à is equal to a, and the angle & to 3. 
6o «+ 94 Triangles which are equianglar are fimilar: Eucl. 6. 4. thus, fig. 60 and 
61 61, if the angle à is equal to a, the angle to , and c to c, n 
rare fimilar; and their correſponding ſides are proportional; that is 
ab: an: act Ac. and ab; An: :cb: ex. and ac: Ac: ch: c. 19 
62 . 9 If any triangle B Ac, fig. 62, has a line pr drawn in it parallel to one | 
of its fides ca, the other two fides of it Bc and BA will be cut 
y; and there will be formed another triangle Bp, fimilar to BAC ; ſo that, 
BE: BA:: BD: BC. and BE : BA:: ED: AC, &c. Eucl. 6. 2. — 
e uſe in making the tables of fines, tangents, and ſecants. 4 
95 If one acute angle in one right-angled triangle is equal 10 one acute 
angle in another right · angled triangle, thoſe triangles are ſimilar; 5 5 5, Cor. 7, 
and 9 94. eee ee eee eee 
n ſhall have occaſion to conſider in the preſent work. | 
97 In every right-angled triangle Bac, fig. 1 longeſt fide xc, which is 
a that oppoſite to the right angle A, is called the ene the other 
"fades AB and Ac, are called the legs. © | 
98 In every right-angled ede, the how of the bypotenuſe i is equal to the) 
ſquares of the legs. This propoſition is ſometimes thus expreſt, in every right- 
_ angled triangle the hypotenuſe is equal in power to the legs: thus, take 
64 br BAC, fig. 64, upon the hypotenuſe Bc erect the ſquare Bp, upon 
the leg ac erect the ſquare cx, upon the leg BA, erect the ſquare zr; I ſay the 
area of the ſquare: Bp will be equal to the ſum of the areas of the other two 
ſquares CE and Br. This propoſition, the demonſtration of which may be ſcen, 
in the common books of geometry, Eucl. 1, 47, is of great uſe in trigonome- 
try, for thereby, the meaſure of any right-angled triangle is eaſily found, if we 
| have ſome data, or things known to go upon: thus, in the right-angled triangle, 
63 fig; 63, the length of the hypotenuſe ne and one leg ac being given, the other; 
leg may be found in the following manner; let the length of the hypotenuſe 
Wy 40 8 e enen, 
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is 36, che ſquare of the other leg an fin * 
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the hypotenuſe may be thus wo; fit 
together, . of the hyp et the leg Ba. be 
f 64, the ſum 
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of 36 and 64 is 100 ſquare of the 7POter n 
10, the lengrh of the hypotenuſe therefogs i. fe feet; which was to be found. 
This propoſition is antther of the joarcer of theta s of fines, tangents, and ſecants, 
which. for the ſake of ſome. of my read Kl now etplain. . . | £5 
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101 A chord or ſuòtanſe, As, fig 66, is a ſtrait line dra 
terminated at each end by the circupgfcrence:. e 


circumference of the circle into two arcs, ACE | 
be the chord of either of thoſe arts: a chord is i {& 


wh-Reetched under e 


103 A right fine, or as it is generally called; a fine of am art, is a/firair line: © 
drawn e TIT | 
ameter drawn from the other extreme of that arc: in the black 


be of 6 


uc; ight fineofirja {nc the ar 
xe line 5x is called the — 
$CB. Sine is a relative her tc 


and Windiffe ny refered. of 

or to the arc which | ang 

the fine of an angle. 5 
+104 If we com eee eee We 5 6 

ee r pant 

5R to v, it is obvious, by Eurit g. 35 that the ſine sR, is half 8, che ghord of 
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102 The larger any arc is, 
and the chord a diameter; f line that. can be d | 
within a circle, as en e figure. Hogan cgi 67 
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22 FNTRODUC TION. 
ve. preſt, the fine is half the ebor 4 a double arc: thus it appears that a fine is the 
© ame in a ſemicircle that a chord is in the whole circle. 
io As a chord is referred to both parts of the circumference of a circle, as 
well that which exceeds à ſemicircle as that which falls ſhorr of it, 5 101; fo 
a ſine is referred to both parts of a ſemicircle, as well the arc greater than a 
68 quadrant as that which is leſs than a quadrant: thus sx the fine of the arc 8B, 
is alſo the fine of the arc s RA, the ſupplement of sx: if we conſider the angles, 
inſtead of the arcs, we may then ſay, that the fine of every acute angle s c B, is 
alſo the fine of the obtuſe angle s ca, the ſupplemental angle to s cs, which 
added to it makes two right angles: for this reaſon, tables of ſines are never 
' computed for angles chat exceed go*; but if the ſine of any obtuſe angle be re- 
Fe: os we take for it the fine of the acute angle which added to it makes 180˙: 
thus, for the ſine of 160", we take the fine of 20; ; for the imecf 130',we take 
the fine of 70. 

59 106 The larger any angle or are is, eee eee till the arc 

s a quadrant, and the angle a right one; and then the fine is the radius of the 
circle; which being the largeſt fine poſſible, and all other fines being taken 
out of it, is called the anbole fine: in fig. 69, the pointed lines are ſines of angles 

| rn ie he fine of a0 angie or arc of 10), 
We the ſine of 20% Br of 30, Go. 

g 107 Averſed fine of an arc isa Srait-line-drowin Grim: one extreme of chat arc 
„ of it, perpendicular to the right fine; thus, x is the verſed 
of the arc s B, drawn from B to x, making the angle B Rs a right one: thus 
P nnn 

aright angle. 

66 106 The point x, dee nean Sb pen tc dn beer iam, di 
vides che radius en into two parts, on and RB, that part 8B next the circum- 
ference is the verſed ſine, called by ſome the ſagitta of the arc s 3; the other 

part vx. ox next the center is called the: fine of the complement, becauſe, by Eucl. 
, 34, equal to vs, which is in reality the ſine of the arc s E, the complement 
of the are sg. Verſed fines are ſeldom inſerted in tables a, becauſe cally found 
by knowing the radius and fine complement; thus, for any arc sn leſs than a 

ant, take the ſine complement cn from the radius cs, the remainder 8B 

in the yerſed fine; for any arc 4'xs'greater-than a quadrant, add the fine com- 
plemens CR to the radius Ac, and the ſum of both, viz. Ac, is the verſed ſine. 
109 A tangent of an arc is a ſtrait line perpendicular to the diameter, drawn 
out from one extreme of the arc, till WS beer bree eg u eee 
7o through the other extreme of the arc: thus, in fig, 70, en tangent of 
7 Verſed fines are in Sr Jonas Moor's and Sherwin's tables. 
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the arc $B, perpendicular to the diameter as, drawn out from the point B, till * 
ie mocta md the radius cs continued, in Tr. 

110 A ſecant of an arc is the radius continued through o one end of the . 
till it meets the tangent drawn from the other end: in fig. 570, O is the ſecant 
of the arc 88. The ſecant or tangent of any arc is, as Was faid of the ſine, the 
ſecant and tangent alſo of the ſupplement of that arc; thu; TB is the Oy 
and Te the ſecant, of the arc s EA, the ſupplement of s. 

+117 The larger any angle or arc is, the longer will ant ann tangent 71 
be, till the arc is a quadrant, and the angle a right one; and chen they are ſaid 
to be infinite; becauſe; fig 7 x, the ſecant will be the radius ay continued, as 7: 
by the pointed line, to which the tangent bl. es 1 en 
never meet, { 46. The ſeventy firſt figure ſhews how the ſecants and tangents 
grow longer, as the ares are larger; thus, of the arc sc, the tangent is zo; the 
ſecant AG: of the arc Bp, the tangent is 3H; the ſecant An: of the arc BE, the 
tangent is BI; the ſecant Al? of the arc vr the e [is Br; the ſecant AF: 
both infinicely extended, |, | 

„112 The fine, tangent; or fecant; of the oomplement of given are or angle, 
is frequently called rhe cofinie, cotangent, and'toſecant of that are or angle. 

*113 To find the fine, tangent, or ſecant, of an arc of angle, is to find what 
proportion it bears to the radius; that is, ſuppoſe the radius were diyided into 
a certain number of equal parts, as 10000000. parts, to find how many of ſuch 
parts the fine, fecant, or tangent, is «qual to: for this put poſe, tables have been 
made, wherein an angle or arc being given, we may find the ſine, tangent, 
or ſecant thereof, or the ſine nr or n Biven, we E 
angle or are. , 

I ſhall now give the Reader, fora PS IMA thefirſ two pages of a table 
of ſines. c. together with directions for the manner of uſing i: 

114 The table is divided into fix columns; the firſt of which is thacgolemn 
of minutes: the ſecond, of fines: the third; of tangetits? the fourth, of ſecants: 
the fifth, of logarithms of ſines: the ſixth, of logarithms of rangeries/®) | | 

115 At the top of each page, except the firſtand the third, aftertheword 


grad. is-ſet down a number which Gignifies whole degrees? and in the: 00- 


lumn under the word minutes are the minutes which added to thoſe 
expreſs the quantity of any angle Whoſe fine, tangent, Gr, may be found in 
that page. The firſt and third pages of the tablecontain only ena Eo 1 
to 60 g, ind therefore at the tap af thoſe two pages is * "DES 
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Pag. 2. | * 5 
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ee eee eee . | | 2:2999995 | 12:3373036 
99999-84 3729721. 295809. | | 9-9999993 | 127122 
| 9959970 | 49110600. I: 59725 92. 9.999991 4 7 $2: 
9959973 72751587 42971873- | | 99999926 158 
99999.66 | 38197099. | 38197230. | | 9-9999985 12.5 20304 
| 9999-58 | 3437737": | 34377516: | 22222212 150308787] 
9999949 | 3 286% | 37252297. |. 99999978 | 12-4949797| 
99999-3 aa. 28647948. | 9-9999974 | 124570909 
99999-2 - 26444209. | | 9-9999909 | 
99999-17 | 2 4 2455 _ 9-9999964 
99999-05 Kee 150. 229418388. 22222282 12 
99998.92 | 214 2 | . 21485995. | 99999953 
99998-7g | 20221 _ 20222122. | | 9.9999947 |- 
99998.63 de | ER 9-9999940 | 
9999847 | 2 ray Wo 18093490. | | 9:9999934 
99998.30 | 17185540, 2 $31. | | 9:9999927 [12235239 
99998.13 | 16370019. | "16370325. | 9999919 | 12-2 
9999795 1382 gob.. | 7 15826428. 9.99999 1112. 
99997-70 | 14940502. |. 14946837. | 9999990312. 
99997. 56 14323712. 143240d1.| 1 9-9999894 
35 || 99997-35] 73759745- | 13751108: | | 9-9999885 
| 9997-13 13221851. 132222 5 9.999987 
99990.91 - 4 12732134. 12732 9-9999866 | 
99990: 8] 122773906. n 9.99998 50 
99996. 44] 11854018. 118 $4440. 9-9999845 
9996.19 | 2 s. _ 31459301 |'-9:9999835 


26 _ INTRODUCTION. 


*116 If an angle is given,. whoſe quantity is expreſt in degrees and minutes, 
and the ſine, tangent, or ſecant thereof required; find the number of degrees 
on the top of the page, and the number of minutes in the column of minutes 
in the ſame page, and on the ſame line with the number of minutes, you have 
the ſine, in the column of ſines: the tangent, anche column of tangents: the ſe- 
cant, in the column of ſecants. - 5 

117 Example, To find the fine, &c of 8g* it; in · che ſecond page of the 
table; which has on the top grad. 89, look in the column of minutes for the 
number 45; on the ſame line, you have the fine of 897 45, viz. 99999-05: 
the tangent 22918 166: the ſecant 22918385. 

118 When an angle is given of a number of minutes only, find that num- 
ber in the firſt or third page of the table, in the column of minutes; and on 
the ſame line, in its proper column, you have the fine, tangent, and ſecant 

of the angle given. 
119 Example, To find the fine, tangent, or ſecant of an angle of 14 ; look 
in the firſt page of the table, in the column of minutes, for the number 14; 
and on the ſame line in the column of fines, you have the fine 407.24: in the 
column of tangents, you have the ** 407.25: in the column of ſecants, 
the ſecant 10000083. 

20 If the fine, tangent, or ſecant be given, and the gle correſponding to i 
required, proceed thus; find the ſine in the column of ſines, or the tangent in the 
dolumn of tangents, &c, and in the column of minutes, on the ſame line, you will 

find the minute, which with the number of degrees on the top of the page is 

the angle required: thus, if the fine 99999. 58 be given, find that number in 
the column of fines, which in the ſpecimen before us is in the ſecond page; 
and on the ſame line is the number 50, in the column of minutes: add 50 to 
89", the number of degrees at the top of the ee ee the angle re- 
quired; viz. 89 50. | 

*121 pe in theſe rwo pages, which in 1 the common 
| books of tables face one another, that the degree and minute in one page, is 
- the complement to the degree and minute on the fame line, in the other page; 
ſo that fine and coſine, tangent and cotangent, ſecant and coſecant are ſeen at 
one view: thus, on the ſame line with 10, in the left hand page, together 
with its fine, tangent, and ſecant, we have in the right hand page its com- 
plement, 89* 50, with its fine, tangent, and ſecant.. 

122 Sometimes a fine, tangent, or ſecant is given, of a number which | is 
not to be found in the table; this often happens when the fine, &c given is 
dhe fourth number in an operation by the golden rule; in this caſe, inſtead of 

the number given, take the number neareſt to it in the table: example, if = 
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ſine given whoſe angle is requi 7, inſtead of this at which Pier 2 
is not in the table, take. . n 56, _ the correspond. | 


ing angle 60 27 is required. | 
123 In the colurifry nes there is all along placed a Ol thts | 
figures by which every e is expreſt, in ſueh a manner, that every fumber 
has two places on the rigfit hand of the point: Mere is a point alſo among the 


figures by which every Mpgent, or ſecant is expreſt, and for the greateſt part 
of the table, every numbi by which any tangent or ſecant is expreſt, has two 
places on the right handſpf che point: bur when the numbers riſe ſo high as 
to have more figures thai can conveniently ſtand in the column, it is uſual to 
omit one or two of thoſe igures, which were to be placed on the right hand 


of the point, whoſe pl e 8 


in order to have the true | 4 of 89 56 is 
ſet down in the table 84943630, withaae Any figure or cypher on the tight | 
hand of the point; two eee be added, and des hen hve. 5 


the true tangent, viz 8 43630.00. | 1 * * 
124 In ſome tables w have the ie rangents, and ſecants; for er 
lefs than 1: the table 10 Nig btred's TG abr them for _ 


centeſmes of a degree: by Pitiſcu? s or Sherwin's tables, they Y be WE for 1 
an angle of any number of ſeconds from 1” to 60. wm | | 
* 125 Though the labour of computing a table of f Fo 0 ; nee! "ER 1 

be undertaken, becauſe it ha Been already chronghe Feber wich . | 


«credible induſtry and patience; a yet ſome readers ay l 
ching of che method which they proceeded in, 8 cal 
have: the eleven following ect are for that purpo| ee) 1 

126 Sines are either primary, or ſecondary; primatiy we: are duch as are | 
*found out by an! * 57 22 cf fk _ | 
from the primary ones. 7 
* 127 The firſt ity he ic h nder or W 105 which Wella 
poſe divided into any number of parts; for the eaſe of calcolact N 
ber aſſumed for it is an unit with a certain. number of cyphers, 


* 128 The radius dc equal 
circle, fig. 72, I fay 11 5 


Eucl. 4. 15: thus, let an bee ee 
ide thereof en is equal to the radius: demonſtrarion, draw the radius's A 


and AB, theſe are equal, by 5 25, therefore in the triangle Abe the angles c 
and B are equal, Eucl. 1. 5 6 ſum of the angles A, e, B, is 180, F554 where- | 


'of the an » at A is a third part vis. 60“, by che Work, which — 5 
to be the chord of a ſixth LEI 


the angle A is 
or AB, Eucl. 1. 6. 


Bous to .es ſbne | 
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FIG. 129 The radius being given, the fine of 30? max be known; for the radive 
is the chord of 605 by F 128, and the fine of 300 is half the chord of 60, by 
04; thus, the radius being 10000000, the fine of 300 is 5000000. 

130 The ſine of an arc being given, its coſine, may be found by this pro- 
-poicion; the fine of an arc and its cofine: are in power equal to the radius: de- 
. the ſine s R of an arc 8B together with its cofine cx and radius cs, fig. 
68 *68, form a right-angled triangle, in which the radius cs is the hypotenuſe, 
by the definitions, 5 67, 5 108: but in every right-angled triangle the hypo- 
- *renuſe is in power equal to the legs, g 98: therefore c: thus the ſine of 60 is 
found in the following method: s x the fine of 30* is 5000, ooo, f 129, let the 
ſquare thereof 2 5000, ooo, ooo, ooo, be ſubſtracted from 100, ooo, ooo, ooo, oo0 
the ſquare of the radius, and the remainder 75000, ooo, ooo, ooo, is the ſquare 
8 the coſine, the ſquare root of which viz. 8670254 is the ſine of 600. 
131 The right ſine and the verſed fine of an arc are in power equal to the 
73 «chord of chat arc: demonſtr. in fig. 73. let the given arc be s Rx, the fine thereof 
n n together with the verſed fine xx; and the chord s B, form a right-angled 
-rriangle, whereof the chord $8 is the hypotenuſe, by the definitions, $ 97, 
103, and 107: but in every right. angle triangle the legs are equal in power to 
the hypotenuſe, by 8 98: therefore Ge. 
132 Coroll. 1. The fine of an are being given, the chord of that arc may be 
found, in-this manner; find the verſed fine of the given arc by F 108, and 
add the ſquare thereof to the ſquare of the fine; the ſquare root of the ſum 
-of them des ual to the chord required. | 
133 1 2. The fine of an ar arc being given, the fine of half that arc may 
=p found, in this manner; find the chord of the arc by the preceding corolla- 
rente. 
„„ 134 This is ſufficient to ſhew ſomething of the method of inveſtiga ting 
\ "ine ; em Gr is firſt found, and the ſecondary fines are derived from 
1 fine of half the given arc, by 5 133 ; and then the comple- 
11 bel by $ 130; and then again the half of that complement, by 
+ 133; and thus we may proceed as far as is required: Faw; ne one of 
| "9 are found the fiftcen following fines. 
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135 „— 
and L eaſily found by the golden rule: thus, let the given arc be 88, 
ig · 70; the ſine thereof xs together with the coſine cx and radius ce:foem : 
a right-angled triangle c xs, by the definitions F 103 and 108; the radius 


70 


ez together with the tangent BT and ſecant or, form another right-angled 


triangle, nr, by the definitions ꝙᷓ 109 and 110: theſe triangles having one 


acute angle at c common, are ſimilar, by 5̊ 96: therefore to find the tangent, 


ſay, CR: RS:: c: Br. S ee eee _ 
-dius CB to the tangent BT. 


* 136 To find the ſecant, fay thus; 9 that is, u de ce 


cx is to the radius Cs, ſo is the radius c to the ſecant cr. 

137 Wihat erm a n fon dhe dio eee 
gents and ſecants are incommenſurable to it, as being found either by extract - 
ing the ſquare root, or by the golden rule; in the firſt of theſe operations; the 


| root extracted is often a ſurd number, as being extracted out of a number not 


exactly ſquare; in the ſecond operation, vix. that by the golden rule, the 4 
number is often a whole number with a fraction; for theſe reaſons tables of 


ſines, tangents, and ſecants eannot be made perfectly accurate: but they may 
be made ſo nearly accurate, that no number in them ſhall differ from the true 


one ſo much as one of thoſe parts into which the radius is ſuppoſed to be 
divided in the tables; thus, in the common tables, where the radius is aflutned 
of 10000000 parts, no fine or tangent differs from the true number ſo much as a 


Ioooooooth part of the radius: to make the tables thus near the truth, it was 
neceſſary for authors either to conſider fractions in their calculations of ſines 
Cc, which would have made them exceedingly operoſe; or elſe to aſſume the 


radius of a much greater number of parts in the calculation, than it is ſaid to 
conſiſt of in the tables after they are made: the latter method as the more eaſy 


has been made uſe of: thus, Rheticus in order to compute a table of fines, &c, 


to a radius of 1000000, oo00, aſſumed a radius of 100000,00090,00000: 


'>\ 
and after the calculation, cut off from each number 5 figures on the right hand: 


Pitiſcus for ſome ſines at the beginning of his table, aſſumed the radius of 
* 190000, 00000, 00000,00000, 00000 parts, Pitiſc. trigonometr. I. a. n. 26, For the 
'reſt, ſee Tacquets geometr. pratt. I. r. c. a. and the Authors there cited: Lansberg. 


p. 44: Keiks trigonometria, &c. 


'triangulorum geometria: Newton's compendium of t r Sberwin e E 


138 By che definitions F 103 and 108; the fine JR of any acute angle. 5CR, . 
fig. 68, together with the coſine cx, and the radius Cs form a right-angled 6g 
riangle, CRs: the converſe of this is true, vig. that in every right-angled Uh 
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19800 > By the definitions 8 109 fd 110; the tangent TB, of any acute 5 
70 ren, together with its ſecant cT; {hd the radius cs, form a right-angled tri- 
angle rc: the converſe of this is true, viz. chat in every right-angled trian- 
1 the ſides are radius, tangent, and ſecant of vne of its acute angles. 
140 In every right- angled triangle, Bac fig. 74, any fide may be made ra- 
8 and then each of the other ſides will be — 2 tangent, or ſecant of 
one of the acute angles: caſe 1. If the hypotenuſe ad be made radius, the legs 
wilbbe fines of their oppoſite angles; that is, oA is the fine of its oppoſite an- 
gle Anc, and BA is the fine of the angle Ack: caſe 2. H one of the legs be made 
radius, then ſhall the other leg be tangent of the poſite to it, and the 
Fe hypotenuſe ſecant of the ſame: thus, ey 75; if the leg aA be made radius, the 
other leg ca will be tangent of its oppoſite angle Bz/and the hypotenuſe Bc 
76 ſecant of the ſame: again, fig. 76, if the leg c a'be made radius, the other leg 
BA will be tangent to its oppoſite angle c, and the hypotenuſe Bc ſecant. 
141 All the angles of a right-angled triangle being given, the ratio between 
any two of its fides may be found: for every ſide may be conſidered either as 
radius, or fine, or tangent, or ſecant of a given angle, J 138 and 139; and the 
ratio between the radius, and the fine, tangent, or ſecant of a given angle, may 
74 be found by the table, F 113: thus, fig. 74, the fide Bc being conſidered as 
radius, is 100000003 the leg BA as fine of the angle c, ſuppoſe of 50", is found 
in the table 7660441: che leg ca as coſine, or fine of the angle B of 40? the 
| complement of 56%, is 64278.76: and the ratios between the ſides ſtand thus; 
vo AB:: 10009: 7664.4 1. and Bc: A:: I0000000: 64278.76. 
142 If che ratio berwten any two quantities, and the real meaſure of one of 
chem be given jn numbers, the meaſure of the other quantity may be found 
74 by the golden rule; thus, fig: 74, if in the triangle Bac I find the ratio be- 
een the n and'na is fuch chat nc: BA:: 100: 76, and that the actual 
_— — 500 feet, then I may be aſſured that BA is 152 feet; for 
> This propoſition then in trigonometry is univerſally true, that i in every 
1 triangle, F one acute angle and the length of one fide be given, the 
hoſe triangle may be known; that i is, we Ane find the quantity of every angle, 
and the length of every fide, - To”. 
44 This propoſition being BB once ; demonſtrated, will be 9 to as 
an axiom, in other parts of this work; in the mean time it will not be amiſs 
10 give the reader a taſte of the uſefulneſs thereof, and of the tables of ſines 
Ec, in the following examples; wherein the method will be ſeen in which we 
may proceed by trigonometry, not only to_meaſure the heights and diſtances 
of ſuch uch objets upon the earth as are inacceſſible, but alſo to diſcover the di- 
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145 Example 1; ſuppoſe DC 175 an upr 7 whe height is required, ro. 


ir may be found in this thanher; Wich in or Uf of a known gc 7? 
meaſure a diſtance at p e from p the foot of the towef to x where the 
ſtation of the obſerver · i to be, in the preſent inſtance let P be taken 100 
feet; let the obſerver ſailing at E look firſt, through the fights of a quadrant 
held horizontally, at ower, and where the viſual ray terminates make a 
mark A, which will the height of his eye above py the bottom 'of the 
tower, then keeping the Fenter of the quadrant in the ſame place n, let him 
turn it, till through the fights he can ſee the top of the tower c: bere is a tri- 
angle Bac, made by theft three lines, viz. 3A the diſtance of the obſerver's 
eye from the tower, wy height of the tower above his eye, and BC a line 
drawn from his eye to top of the tower; in this triangle, the angle A is 4 


right one by the ſuppoſitibn, the angle at ꝝ is found by the quadrant, ſuppoſe t 


it 60), and the meaſure f one fide A5 known, vz. 100 feet: from theſe 


data we may find, firſt, the ratio betwirii An and Ac, after this manner; make 
BA radius, and Ac, will, by 5 140, be ſtalgent of che angle 3, which is by ob- 


ſervation found 60"; nowSn a table where the whole fine or radius is 10000000, 


the tangent of 60* is 173285. 3205.08; therefore BA.: CA:: 10000000: 173205.08. 
Secondly, the real meaſure of A being 100 feet, ac will bythe golden rule 


be found 173 feet with a fraction or part of a foot, 8 
comes to a little more than two tenths of a foot. n nee 
ſtands thus, 19000000; es 173205. 08: * a 
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Ac being thus found 173 feet n, add thereto Abe the Wencke 4 
obſervers eye from the ground, which ſuppoſe to be 5 Reet, and you have the 
whole height of the tower c, 178 feet -I have in this — — 
x the ground upon which the obſerver. n the bottdm e tower 
to be upon a level; if one of theſe, is higher than the other, ae muſt 
be made for the difference between them, in aſſuming the height of the obſer- 
vers eye. — By the ſame. method may the utmoſt height of a bomb gt roche 
thrown up perpendicularly be und, by an obſerver ſtanding at E fig. 78; a 75 
known diſtance, ſuppoſe 100 yards, from p the place here it is 

and looking at it through the ſights of a quadrant when at its utmoſt height ct 
2 view of the figure is ſufficient, if compared with the laſt, for the triaaglis 
BAC is meaſured in the ſame manner as in the laſt figure; vix. the ae & is 
+ghtone by leben emden e 
A equal to px is given in real meaſure, vi. 100 yards: ſo 

radius, AC will be * — 
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' FIG. _ *146 Example 2 ; let it be required to meaſure the diſtance an, which may 
79 be the breadth of a river or valley fig. 79; ſer up perpendicularly a ſtick ca 
of a known length, ſuppoſe it 4 feet two inches, in all 50 inches long; place 
the center of your quadrant at c the top of the ſtick, and look through the 

_ fights of it till the viſual ray points at the object x, whoſe diſtance from A 
the place of the obſerver is to be meaſured: here is a right-angled triangle Bac, 
with one of its acute angles and one of its ſides given; for the angle 4 is a right 
one by the ſuppoſition, the fide Ac is 50 inches by the ſame, the angle C is 
found by the quadrant, ſuppoſe it 89 I: make CA radius, and AB will be 
tangent of the angle at c, of 89* 30, 5 140 caſe 2: ſay then, as radius CA is to 
o inches, ſo is the tangent of 89 30 to. the number of inches contained in 
AB: now in a table where the radius is 10000000, the tangent of 89 30 is 
11458865. oo, ſo that for an operation by the golden rule we have three num- 
bers given, by means whereof the fourth number required, viz. 5729 inches 
SM the length of as, is eaſily found; the work in natural numbers 


19990000: S 1145 $965.00 


il 0000000) —— 6 5729 0 === — 1 


/ ͤ e ee of » dem A 
477 feet, or 1 59 yards, and 5 inches 4 tenths. I have in this example, to make 
it more eaſy, ſuppoſed the points A and ; to be upon a level, as they muſt be 
if we would have the angle at A a right one: to ſhew how to find a diſtant 
point upon the ame level with one that is near us, would I think be foreign 
5 
«147 Example 33 to find the moons diſtance from the earth; let aps fig, 80, re- 
"2 the earth, c . 
| mn his ſenſible horizon nc: here is a triangle Bac, made by As a ſemidiame- 
TR. ter of the earth, Bc a line drawn from ths anger of the carth to the moon, 
1 and ae a line drawn from the place of the ſpeCtator to the moon; in this tri- 
angle the angle zac is a right one, by 5 28, Euel. bers 18: the angle acs is 
the angle of the moons parallax, which, by methods hereafter to be taught, 
haas been found to be 57; the fide AB, by finding the circumference of the 
earth, the manner of doing which will alſo hereafter be ſhewn, is found to 
be in round numbers, 4000 miles: make gc radius, and then AB, will be fine 
of the angle o; ſay then, as BA fine of 57 is to 4000 the number of miles 
contained in the earths ſemidiameter, ſo is Bc radius to a 40 number, viz. 
241255, the number of miles contained in Bc, the, moons diſtance froth the 
| "—_— e eee e ee 11 | 
: 105799 
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149 Scholium; by the figutt befort us it appears that we do Ht ee dd en. 8, 
tire hemiſphere of the moon n pi at one view from c, but "only the Kgment 
ADB which is a little leſs than an hemiſphere; notwithſtanding t his the pre. 
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is not confiderable, ant Fſhalt i the proper ꝓ 
ameter of the moon, deduced from the true 


moon here found are a little different from the true ones: 
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Fi6. whoſe angle at A is a right one by the ſuppoſition; the angle at 8 is 50 by the 


82 ſuppoſition alſo; therefore the angle c the complement of B is 405 55 Cor. $3 


in chis triangle if ca be made radius, AB will be the tangent of the angle c of 40), 


F 140 caſe 2; WE may ſay then, as radius to tangent of 400, ſoca is to as: 


de rangent of 40 is 8390990, therefore 10000000 : 8390996 :: A: as; 


but the meaſure of c A is given 100 inches; from theſe three numbers given, 
the 4%, viz. the length of AB in inches, is eaſily found by the golden rule to 
be.$3 inches: for 10000000 : 100i: : 8390996: 83e. 
157 In the foregoing examples I have made uſe of natural fines Cc; it 
remains to ſhew the uſe of the other part of the tables; v:z. the logarithms 
.of the fines and tangents. Logarithms are numbers ſo contrived that by 
making uſe of them, the difficult operations of arithmetic may be performed 
by che help of more eaſy ones: thus, inſtead of multiplication in natural num- 
5 bers, we may work by addition in logarithms; inſtead of diviſion, by ſubſtra- 
ctionʒ inſtead of ſquaring or cubing a number, or raiſing other powers, we 
work by multiplication; inſtead of e the root of a ſquare, cube, or 
other power, we uſe diviſion. 
132 There is uſually at the end of the cable of ſines, another table in which 
any number within the compaſs of the table being given, its logarithm may 
Os found; or the logarithm being given, its number may be found, 
If two numbers are to be multiplied together, add together the logarithms 
A of the given numbers; and the ſum of them is the logarithm of the product. 
If one number is to be divided by another, ſubſtract the logarithm of the 
«diviſor from the logarithm of the dividend ; the remainder is. the logarithm 
of the quotient. 
From whence it follows, that in the dire golden role, if you add the lo- 

eee, ſecond and third terms together, and from the ſum of them 


fſſubſtract the logarithm of the firſt, ** * is the logarithm of the 


term. 

The calculation of ſpherical 3 and of ow oblique-angled plain 
-criangles i is made more caſy, if we make uſe of logarithmic fines, and tangents 
-inſtead of natural ones; I have ſaid ſo much of them in this place, to explain 

*the tables of which I gave a ſpecimen: for a fuller account of logarithms 

es Wallis's Algebra, c. 12. Halley Phileſ. tranſ. N 216. Pardie's Geometr. |. 
* 5, Keil de Logarithmis. Sherwin's tables. &c. 

_ . 153 Ifa ſtrait line ſtands exactly upright upon a plane, as an upright pillar 

does upon a level pavement; that /zne is ſaid to be perpendicular to the plane: 

% thus, the line A B, fig. 83, is perpendicular to the plane DET, if it makes 

| * wich all the * CE or DE, which can be drawn upon paper 
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through the points: a thread with a bullet at the end of it; hung — „ 
that ſtands exactly level, will be perpendicular to the ſurface of the table. 
154 If a ſtrait line ſtands qbliquely upon a plane, as a — — 
upon a level poveneney that Hine is maid to be incline ——— bee. 
eſt to one another is thy'a angle e the lines incli — 09 Toy 
is jnclined to the plane Er, and the angle of its tion 
1355 A ftrait line ks is parallel to 2 _ and the plane 
rallel to @ ftrait line A B, fig, a a0 0 
ſtant from the plane: that is, w 
the line, perpendicular to the plane, as — 11, 
156 A point is ſaid to be in a plane produced, 
extended would paſs through that point: a _— 
plane, ar hurry yr rt teri 
or inclined to the planer thus, 0 
plane cer produced, but the points A and o nie ane Ic 
thus alſo, fig. 96, let yon! be a circle viewed obliquely; the pol Ahe 26 
plane of this cirele uced, but the points, v e pf E, ate all e 
the plane of the circle: via. ande above one ſide of the plane n / 
x above the other fide of it! eee eee 107 a TELE BOOTY — f 
157 Parallel planes — how far derer ders extended, will ner 
meet, but continue till equidiſtant: the diſtance between r = 
rr BR | 
a if tk | 


ta ven thoſe tro ſurkices 6 — which . „ 

the angle of their inclination. See fig. 84 and 8 5. Toy 
160 II IN 64, which avs 

if both of them be exptgided, imer in B 
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.FIG.: a eel h thus, fig. 84, let thiers be two 
54 planes AB cp and BErc, whoſe common ſection is ꝝ c; from any point thereof 
—— the planes the lines ne and 11 ene gains to ge; s ang 
ent the angle of inclination of thoſe planes. 15078 
162 If two planes interſecting one another be imagined to move upon their 
common ſection, as the lid of a ſnuff box does upon its hinge, the wider the 
planes are opened aſunder, the greater is the angle of their inclination, till they 
F 1 ſo wide that one is perpendicular to the other. If two cards, or 
pieces of ſtiff paper be cut, each half through, and let one into the other, you 
855 Werren ern er leſs repreſent che diſferenr e e e 
86 planes: ſee the eighty fifth and eighty ſixth figures. 
+:»x63'i Any two circles de ſcribed upon parallel She wich cheir Centers ex- 
actlytuppoſite to one another, ſo chat if a line were drawn' perpendicularly to 
the planes through the center: of one circle, that line if extended would paſs 
:- throvghthe-center of the other circle; are parallel circles: circles drawn upon 
the oppoſite ſides of a die with their centers exactly oppoſite —— Cir- 
les may be parallel whether they be equal to each other or not. 
1 1160 Any two cirales are ſaid to incline to each other which are drawn 
1 . Jamie center upon inclining planes, and the angle of their inclination 
* : r Two circles are 
4 1 may be perpendicular or inclined; hacker they be equal 
pts not; 70 Pra gives a view of two equal circles, 'ABCD and EFGH, 
zs having the ſame center , drawn upon planes dicular to each other: the 
W 77 and perpendicular circles: the 89th figure repre- 
doſſenta two gircles equal and ine lined: and the got figure two circles unequal and 
. iaclined: in every one of theſe figures, AC is the common ſection of the planes 
gircles, and d is their common center. Circles having dif- 


| ſacentcencers man alle eme un wann Planes; but theſe fall notunder 


oun pteſent conſideration. 

A. lid os. ſolid fgure is Jathas e in whichwemay conſider three- 
= length, breadch, aud thickneſs: every piece en 
1 dee ſoever, is a ſolid, becauſe it is conceived as having 
tolck E: 1, and it may be enquired how long, how broad, and how 
thick. oe rn need at preſent conſider only two or three of the 
regularly ſhaped, ſolids, as a ſphere, a cone, a cylinder, and a cube. 
466 — 22 ſolid, they do not always mean that it 
hed wok material parts, as the word ſolid may ſeem to imply; 
N _ a 5 gg AR NEVER void of all matter, 
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has this threefold extenſion; and any part of infinite ſpace; when we imagin 210. 
it of any determinate largeneſs and figure, is a ſolid in geometry: thus, the in- 
fide of a veſſel, whatever its ſhape be, may be called a ſolid, whether the veſſel 
be full or empty; becauſe it may be meaſured in length, breadth, and thick- 
neſs, and its capacity found how much it may contain: ſo that when;weſpeak 
of a ſphere, cone, or cube, we may only conſider a figure having three fold ex- 
tenſion, of ſuch a ſhape 0 clas en conſiſts of 
| matter or of pure-ſpace.|- att A e 3utinilnt foo 
| 167 rr ae ien belts 
q uſed at a billiard table, and the marbles children Play with are ſpheres or 
globes. A ſphere and a globe ſignify originally the ſame thing, wiz: a round- 
body, in different languages; but cuſtom has prevailed ſo, that When we (peak 
, of the bodies of the ſun, moon, earth, planets, or ſtars, which-we ſuppoſt to 
; de round bodies, we call them globes; but when we ſpeak: of che heaven in 
1 the concave ſurface of which the ſun; moon, ſtars, and all the heavenly bodies | 
. appear to be placed, we call it the: ſpbere of itbe heaven, or of the fixtfhlays e- 
ometers alſo when they conſider a:round;ſold abſtractedly, and the oirales or 
n other lines which may be imagined to be drawn upon the ſurface of ix wWhe- 
n ther conſidered as convex or concave, are ſaidl to treat of the ſphere Weimay 
e imagin as many circles as we pleaſe: drawn, upon the convex ſurſuce uf the 
Ir globe of the earth, or upon the concave ſurface of che ſphere oſ heaveng the 
l circles of both theſe kinds, are called in books of aſtronomy tbe exrcles-of the 
I, ſphere, and an explanation of the nature and eien aſtronomy vs ge- 
1c ography is called the dactrine of the. ſpbere. e e LE eel. 4 
e- 168 The formation f a ſphere is commonly thus epd mee fl ; 
Nil 
es 
2 
er 


circle; ACB; hg. 915 to turn round upon its diameter Ax, till it comes to iiꝶ firſt 
ſituation, and it will deſcribe a ſphere: the center of this ſemicirele will atſo 
be the center of the ſphere thus deſcribed byit, Any ſtrait line gh 
the center of a ſphere, and terminated at each end by tha ſurface of it is called 
a diameter. Any ſtrait line drawn from che center to the ſurface, is a ws 1 
e- ſemidiameter of the ſphere... All radius 's or ſemidiameters of che ſamo 0 
of ſpheres, are equal; as are alſo all their diameters: Pop 
his 169 A great crrele is that which'divides the. un into e rt 0 
iy cirele is is that which 2 — vey into Eo! 


FIG. 
93 concave or convex ſurface of a ſphere, is ſaid to be perpendicu 
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171 Any ftraitline ap or en, ſig 93, ſtanding exactly upright either upon the | 
lar to the ſphere: | 
ſuch a line continued the ſphere would paſs through the center of it; 
and the converſe of this is true, that any ſtrait line drawn from the center to 
the ſpherical ſurface, or through it, will be a perpendicular, 
172 —— uote eget ep the ſurface of a ſphere, 
ſo as to meet in three points, will form a ſpherical triangle, as Ac, 
173 The meaſure fa — Ah angle BAC, fig. 9 BC ——— : 
circle deſcribed eas the angular Polut 47 rn, | 
"_r Ae continued to quadrants. 
174 The common'terreftrial globe repreſents very well the earth and ſea, ; 
he ſituation of mountains, rivers &c, with the extent of kingdoms, and ſtates; 
and Has befides ſeveral circles drawn upon it, to repreſent ſuch as we may con- 
ccive 10 de drawn upon the f 1 ies 
175 The common celeftial globe repreſents the convex ſurface of the ſphere | 
S ppear to us, if we were placed without, at an 
1 has feral circles drawn upon it, to repreſene | 
ſome which may be imagined to be drawn upon the ſphere of the heaven. Ar 
artificial ſphere is a machine which has the principal circles of the ſphere. | 
drawn upon hoops, or repreſented by rings of braſs or other metal. The circles 
| of the ſphere may alſo'be drawn upon the ſurface of a hollow ſphere mads 


— OTOL INI RN many yer meds wor in reading loud, I 


os 


fit! che two extreme p 


1376 A ſphere apy, fig. 95, may be conſidered as put into ſuch a whirling 
motion.roand'one of its diameters an, as boys give a top3 this motion is calls | 
 ed@rwation, becbie it is like the turning of wheel round its axletree: the 
diameter An, round which che rotation of the ſphere is made, is called be 
ts of the axis A and x, terminated by the ſurface 
of the ſphere, are the polet of the ſpbere: by this rotation, every point of the 
ſpherical ſurface, except the poles, deſeribes a circle; thus, the point g deſcribes”? 
che circle 6#111, che point © deſeribes the circle cyzy, the point » deſeribes 
che circle NNO: the circle Er deſcribed hy a point c equally diſtant from 
1 ek ro this the ocher circles are all parallel; every pe. | 


growy leſs, che nearer the point deſcribing it is to either of the poles.) 

8 pn 1" LT nip bo conceived as a great circle drawn upon a ſphere, and io 
ve its axis and its poles. Thave in the figure ſuppoſed rhe ſphere” cobetranks | 
IS that . it might be ſeen entire. 9 4 
two great circles 6f the fame ſphere which interſe@t cach e 

| prlldride one norherinvo rroequal parts Theodef. Spharic. I. 1. prop. 11 
Key plane by ne er, eee ge | 
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through it, will be a circle: i 
through the center of it, the ſet 
plane does not paſs through th <a, 
„ ſes thre 
hemiſþ 


yhich cuts through a ſphere 
$ 2 great c ircle of that ſphere; 


action is 1 18 circle: a 


gh the cence divides it into ty e 


fig. 95, AHGLI is 4 8 | 

179 If we imagin a ſiraivlige A 
— — + bucking the 
or polygon, above whoſe 


folid called a el : the vertex of the p 
the baſe of it is the triap re, 
poſed to be carried · T7 TT? 


180 If we take an immoyeal e ave. 
BCDE, and ſuppoſe a ſtrai line xz — Sn 
both ways from it to: wy ni S lenge, & o be carried qui 
all the while touching i cicumference, and 
moveable point, the line by phi i a cl ſus 
are vertical, cn Erg e common eee 
point A, fig, 10oĩo. 0 8 

181 The ſolid nee et e Heir ſurface, 3 None 1 
able point a and the cixeuference of e circle B CD R, is a cane. H the- : 
e. A is the. Dentex; the circle xc p x, is the be: it 

ar drawn from he vertex to.thggencer of the baſe, is the axis of the tone : 
ne ay dxvr — vertex P% l —— 


AC, Ap, Ak, Sc. are fides of the cone. 
182 If the axis g cone k 2 erpgndicy 
cone, ſuch as is repreſented, fig. 101 Hf the ati 


called a ſcalenous or oblique eng is drawn, ig 1090 fe 
ways underſtood when the es! not expreſt. 


183 The formation of a right cone "OE be 3 ins 


* 
Wi % 
= 


2 revolution of a right-angled, tris agle round ane of its le 5 
thus, fig. 10 1, * 858 -angled giat ale BFA, j 2 s 01 
AF be fixt, and let the t rund ir; there will hen be (ye | 
the cone AC, whereof ) . rar 2 will be the a3 


the circle 8x an deſcribed by the, other leg r will be the baſe. 
ny „ eee dae wil be more ar, 


belege rern eh 0. | 


* * — _ — — 
—— 
— —22** — 2 —— — 
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1725 8 bn of che 
5 the- triangle. 3741 ca 
is lee than the angle PAT 99 ods ground? ee e en 8 tui 
185 Beende err ray al be thu Whales Rem the extreme 
101 * Fan Gameter of the baſe as 3c, fg, 101, draw ſtrait lines to the 
derte ana and e, the will ferm a triangle bac, by whoſe angle at 
We. | thevericx g, the gcirenels of the cone l. meaſured: i two cones of equal baſes 
are of gifferenclengeh; che loner is aid ro be more doure than the other; thus, 
3 fig. 103, the cone dne is more acute than che cone Abe, becauſe the anglc 
E e l den m ee ee 
196 2 ͤ ĩð2v MenT the: Fhitnevers of thede baſe 
ropercotal:alf right cones having the fame acurcneſs are fimilar: and con- 
wh ſequently; If any right cone An c, fig. 104, be cut through by a plane Dr pa- 
© ralkt to che baſe; the ſegment Ap will be a cone fimilarto the cone AB c. 
5 "485" Vetiical cones whoſe baſes are p rr 
b e OO he e Fgure, and needs bot be demonſtrated. | 
499 fv phatic be imagined to paſs through al er parrv the des of acon, 
the cares line deſcribed upon the plane by the fides is is called a conic ſoction. 
+ S8IFHFthe Hides of a conè aft cut through by a plane to which the axis 
ar, the ſection of the cone is 4 circle: thus, fig. 104, if the cone 
' e vn to which the aris ar is perpendicular, the 
8 —— JJ K 
: 390 Tall the fides of a cone are cut chrougtr by u plane to which the 
"inclined; the conic ſection is called an ellipfis fig. ro g, and 106: 
Mn ellipfis made by the ſection of the ſame cone; or of two cones that are 
Bela, is more oblong, the leſs the angle is which the axis of the cone makes 
1 | 166 wich neee plane: n whe * 


b 2 ent: 5, 


#7 parabola* thus; fig: rob, let the cone ABR 


hroogh de be We the GEARS parallel che ſection will 
9 be U en ch as is repreſented, fig. 109, by the curve oer. 

20 192 Er cone i cue through by plane to which'one ofthe fdes ofthe 
cone is inc lined in ſuch a manner, that un che ſide extended both 
| ways frond” che baſe of the Sone would iet irt a point beyond the vertex of 
1e ir, the ſeQion is called an "hyperbola: chus, fig 170, let the cone ABA be cut 
| ie h 


ie acute angle BAY; eng 0 Ar che immoveable leg 
4 Ke N : thus," fig! 103, che cone np 


INTRODUOTTON: 4t 
cxrenadbark ways from the baſe would meet ſomewhete beyond che vertex, 716 · 
in the point n, the ſeckion will be po Sh FE er fuch as! is repeeſemed, bg. Try 
111, by the curve oog. 
193 If a ſtrait lag wich 6 dag cetpenticntls or ned, to the plane! 
of a circle BCDE, fig. 112, be carried round the crcl, all the while continuing. 12 
to itſelf in irs;firſt firuation, and touching with one end 3 the circum- 
ference of the circle, the line will deſcribe 4 eylindrical furfact: the circle) 
zcpx is the'baſe; to this the point A at the other end of the line will deſcribe 
another circle equal and parallel, via. Aron, which may be alſo called a baſe: 
the ſolid contained. berween the cylindrical ſutface and the planes of theſe two NET 
baſes, is called a cylinger: a ſtrait line u drawn from the center ef one baſe. +: & 
to the center of the other, is the ait of the cylinder: the dfctibings W ; 
every different ſituation as aB, Gb, &c is a fide of the cylinder. 
194 If the axis of a cylinder is perpendicular to the baſe, it is & right &y- 
linder, fig-1 12: rolling ſtones uſed in gardens are right cylinders. Tf 2 
of a cylinder is inclined to the baſe, it is a /calenous ot oblique cylindere f 1 
The formation of a right cylinder is by ſome explained, by imagining — 5th 
angle to revolve round one of-its fides: thus, fig. 112, if we iraagin the n. | 
angle ABMN to turn round the fide u, that Ge being ll the hue r. 
there will be deſcribed the 4100. N e 
195 If a plane va EB to which the axis is perpendicular cups through alt 14 
the ſides of a cylinder, the ſcclion qriding from thence 18 u Cle fg Lbs FE 
196 If a plane to which the axis is inclined: — «1 
a cylinder, the ſection is an ellipſis, figg. 1 16, t 16: this ellipfis f is more chlt 
| the leſs the angle is which the axis makes with the i plane: this, 
the ellipſis pa Ex in fig. 116; is more oblong than the'cllipfis Dann in 58 17 I 
197 A Cube is a ſolid terminated by fix fides, every dne of Wen i an 
exact ſquare: ſuch ia well made die, called in Greek n une, : 
the word cube is derived . 
198 The formation. of a cube may be chus conceived; e a. 
ABCD, fig 117, to be cartied parallel to ir ſelf;the length of güe of its „. 
— — — 
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42 INTRODUCTION. 


710. how many ſquare feet, inches &c are contained in one of the fides, and mul- 
uis tiply that number by the ſquare root; thus, let a fide of the cube AB cp, fig. 118, 


be 16 inches ſquare, the root or ſide of the ſquare 16 is 4, multiply 16 by 4, 
the product 64 is the number of cubic inches in the cube Az. 
201 If a ſquare number be multiplied by its ſquare root, the product is « 


cube number; which is ſo called, becauſe if we imagin every unit of which the 


product conſiſts to be repreſented by a little cube, the whole product may be 
repreſented by a larger cube containing all thoſe little ones: thus, if the num- 
ber 16 the ſquare of 4 be multiplied by 4 the ſquare root of it, the product 


118 64 may be repreſented by the cube ABc, fig. 118, containing 64 little cubes. 


202 As a ſquare is the ee ſurfaces, $ 62, ſoa cube is the meaſure of 
all ſolids, the dimenſions of which are expreſt by ſaying how many cubic feet, 
cubic inches, or cubic tenths of an inch, &c they contain: thus, I may conſider 
and expreſs how many cubie feet are contained in a mountain, or in the 
globe of the earth, or in the ſun or moon, or in any planet or ſtar. 

203 How to meaſure either the ſuperficial or ſolid content of a cone, cy- 


15 linder, or any other regular ſolid, may be ſeen in the common books of geo- 
_, metry* a; a ſphere or globe is the only ſolid, beſides the cube, whoſe menſura- 


tion we ſhall have occaſion to conſider at preſent: the way to meaſure the cube 
has already been ſhewn, & 200; how FF will be 


ſeen in the two following ſections. 


204 To find the ſuperficial content of a globe, the circumference or diameter 


| being given; find the area of a great circle of the globe by & 68, and multiply 
_ that area by the number four, the product is the ſuperficial content required: 
thus, ſuppoſe the circumference of the earth to be 24930 engliſh miles, the 


diameter 7935, $457; the area of a great circle upon the earth will be 


| 494 54 887 miles: the product of this number multiplied by 4 is 197819550, 


3 e cog 


205 Jo nd the ſolid content of a globe, the ger fiat content Nile goes 


 muleiply the ſuperficial content by a fixth part of the diameter of the globe, 


the product is the ſolid content required: thus, ſuppoſe the ſuperficial content 


of the globe of the earth be found 197474980 ſquare engliſh miles, by the 


preceding, ſection; multiply this number by 1322: the ſixth part of 7935, 
the number of engliſh miles the diameter of the earth amounts to, and the 
prong. eee is the number is ee greater in 
of the earth 


e following propoficions about the nature of light, refro8tion, ond vifon are 
| What in aſtronomy, that I ſhall make no apology for inſerting them in this place. 


„ Tacquer G i hae 1. 3- e. 18, Pardie Geometr. JI. 5. | 206 Light 
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moving with a profligious ſwrifineſs enter our eyes, and impreſsupon the E- 
ral pares-of den eee enfation we 
call ſeeing: light either com eee body, as he f 
ſtar, fire, &c; or clic boi | 


ther: what the velocity 


208 Light ma i f 
light which falls upon objett all at at ag the fine 3 
2 8 e 


ſucceſtve, conſiſting q parts following og another, as the parm pe 
chat are forced in a Mitinued ſtream e <p the ſpoutof an engir 
209 The leaſt light or part of light which n 
acted upon alone by elf, is called @ rayſe Febr. 
210 Empty . any body that i 
any rays of light us ae ale, warn : 
211 A lent is a , convex on both 
it has its name: fide of a lens is a 1 ings or piece of pſy 
Ahmet N 810 wa ts go 


0 * 4 y ad TC e " 
Ich form a lens + that pi " 


EY 
a Newt, Ce; 6 


e 
F þ 


4 + INTRODUCTION. 


FIG. 412 The rays of tight; in paſſing through a medium that is chroughout of 

| the fame denſity, go in ſtrait lines. If a ray of light goes out of one medium into 

another of a different denſity, as out of air into glaſs, or out of glaſs into air, 

if it falls perpendicularly. upon the ſurface. of the ſecond medium, it will con- 
tinuetogoon in a ſtrait line, in the ſame direction as through the firſt medium: 

120 thus, fig. 120, let AB op be a ſolid piece of glaſs; a ray of light x coming 


5 : . out of air, and falling perpendicularly upon the ſurface of the glaſs A B, will 


goon el line , in like manner, the ray going out of glaſs into air 
at N, in the direction F M, 13 to the Ace of air CD, will go 
_ firaie on in the direction r. 

213 Ifa ray of light, coming out of one . a A ent 
denfity, falls obliquely; upon the ſecond medium, it will be bent at the point 


; 6 of incidence, and go through the ſecond medium in a different direction: this 


bending of the rays is called refraction. The laws of refraction are theſe; if 
a line be drawn perpendicular to the ſurface of the ſecond medium, a ray go- 
ing out of a thinner medium into a more denſe one, is refracted towards -_ 
perpendicular; but a ray going out of a denſer into a thinner medium, is 
n fraQed/from the perpendicular: thus, fig. 120, a ray G7 falling obliquely = 
AB, will be refracted at v, and ſince glaſs is denſer than air, it will be bent 
würds che perpendicular r N, and inſtcad of the ſtrait line FI, will go on in 
the tefracted line v; again, at x is its point of incidence out of glaſs into 
Air Gt of a denſer into a thinner medium, there it will be bent from the per- 
pendieular H 2, and inſtead of going on in its former direction HI. it will 
go in che refracted line HAK. 
! 214 In the foregoing example, the ſurface of the ſecond medium was ſup- 
poſed to be a plane, when it is a curve ſurface, we conſider it in the following 
manner; a line which, being drawn to the point of contact, is perpendicular 
to the tangent of a curve, is perpendicular to that curve; a line which, being 
_ drawn to the point of contact, makes oblique. angles with the tangent, makes 
10 the ike angles with the curve: thus, fig. 121: let the line ꝝ y touch the curve 
A in che point , if 6 B is perpendicular to the tangent, it will be alſo 
dicular to the curve; let the line us fall obliquely upon the tangent, it 
upon the curve with the ſame; abliquity ; that is, the mixt angle CBH 
is equal tothe rectilinear angle FB u. See Molyneux dioptr. p. ö. 
A ray of light paſſing out of one medium into another of a, differen 


„ d 7 


; * 1 wy Unity, when the ſur face of the ſecond medium is curve, is ſubje& to the ſame 


* laws of refaaction, as when it is a plane: if it falls perpendicularly 


E 5 vpon the ſurface of the ſecond medium, it will continue to go on in a ſtrait 


EY 3 as through the firſt meien; if it falls obliquely 
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vpon the ſurface of the ſecond medlum / ĩt vill be refrabted ar the pci Gf in 
cidence, ſo as to bo bent towards the perpendicular, When It paſſes ür EA 
thinner medium into a more denſe one; and from the Pepe when it 
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paſſes our of a denſer into a thinner medium: thus; fig. 142, let KY be a 122 
lens of glaſs, upon the middle point p of its'conver fur face, let thię EG 
ndicularly, it will then paſs om in a ſtrait line h coincidi h 
axis of the lens, and again at 6, where it leaves! egen dicu- 
larly upon the ſurface of the air n 61, it will continue to g in the {ame 
direction, in the line GL; ſo that the pafſage of this ray, firſt but of air into 
glabs and then out of glaſs into air, will he in the ſtfait line Kn! 
Let other rays B E, Cr, parallel to A Y fall-apon dle Haim leis dt che i 122 
x andy, theſe will fall obliquely upon che bombe e | 
ſer medium, and therefore will be bait saft, te pape 5 
here expreſt by ſhort dotted lines, and inſtead of g ad oe ri 
direction, will go through the: glass in the moins ror 7 at and . 15 
falling obliquely upon the concave ſurface f the air, they vin be again 
fracted and bent from the perpendicular, fo as tog in the did 1 — ang 
| 216 From hence it appears, that parallel rays, a8 B E K er lling: ""m 
a lens E IH turned directly towards them, will be refractet ſo a MM 
or draw nearer to one another, till they meet in a point D, fig. 122 chere k 
will croſs, and from thence proceed diverging, or ſpreadi further 3 
as is expreſt by the liies L * Lo: Molyre. droptr.'p. 6" FU be p cauſe iſe 
theſe refractions, Ste Ne. es, 320.324. Smith's'Optts, Þ = 
8 9 — roy of gh, pan 1 Nan beer e into 22 
ferent denfity, falls very muchi inelined to the ſurface of the (cond bai 
that is, makes a very ſmall angle with it, it will not enter the ſecond x 
whether it be thinner, or more denſe than the firſt; but it wilt 88 80 
in ſueh a manner, that the angle of reflectioll ſhaltbe equal to de ungle 5 
cidence: thus, fig. 123; let a ray Er fall arthe point b pom 245 dhe fue f 1; 
a different medium, fo as to make cha ungle vA A very fmall ane, che ty 
then will not enter the ſecond medium AB but will be reflected in the 
line y, ſo that the angle of reflection or ſhall be equal cs the: by 14 
cidenee . d 196 0 er A Er ANN 1 e of 
218 There oonfider refractisw und welle con ee ht t Urge and 1 155 
neral view, as if all the rays of light were alike paſſing g through 
different mediums, which-accurately ſpeaking they are hor; "for 111 the fame 
angle of incidence ſome rays are more refracted, that is, bent further fromthe | 
ſtrait line than others, and when they fall very muefr inclined to the ebook 
aden ſome are ſocuer reflected chan others, chat is, wit the Ahe angle of 


incidence 


\ 


CO NE „„ „%% „„ . - — 


£2; frangible; Newt. Opt. p. 21: and of theſe 


ſuch a manner, that 
::4 palling between tyre bodies, diverge: thus, fig. 124, let nx repreſent an hair 


- INTRODUCTION: 
deb kane rays Gall be rell and/others not bur they will require to 


haue dhe the angle of incidenen ftill leſs, to make them reflected; this is the 


meaning of this propoſition, the light of the. fin confifts of rays differently re- 


rays differing in reflexibility ; and thoſe rays are more reflexible than others which 


are mune reffangible: cheſe and many other curious particulars relating to the 


natute of light, 1 ſhall net dwell upon here, as not pertinent to my ſubject; 
it is ſufficient juſt to mention ſome of che moſt remarkable ones. t 


4 Light is not refracted or reflected by impinging upon the ſolid parts of 


or reflecting medium, but by a power uniformly diffuſed through 


the medium, which acts upon the particles of light, without immediate contact, 


in g rechen perpendicular to the ſurface, of the medium: Newt. Opt. p. 237. 
220 Light in paſſing cloſe by che fides of bodies is bent out of the way, in 


parallel rays paſſing on each fide any body, converge; and 


viewed endways, parallel rays of light 4.B-and ns paſſing by the ſides of the 
haig, will not go on in ſtrait lines, but will be bent, and made to go on in the 


12 conyerginglines nc and gx: again, fig. 125; let x ꝝ be an hole in a plate of braſs, 
" parallel rays paſſing > mm wh * ——— 


hens und made to gp on in he doing lines be e, ene 


93 & Jeqq- &/313-2-2. © 
221 Rays of lj ee degrom of ec y ie ür from opaie 


eee 


eee eee alone, or in much the 
quantity, the reſt being totally or in a great meaſure abſorbed, that body 

a red: when the moſt refrangible rays are reflected alone, or in the great- 
Hioticy, the other rzys being abſorbod, the reflecting body appears of 2 
vieket colour; we ſay then, chat the red making rays are leaft refrangible and 


te ohe ee e e produce inccr- 
meine colours, orange, yellow, green, blew, are of intermediate — 


* 


: probably the particles which eonſtitute the 


e which ea nen tho vioke-makingones the ſmalleR, and 
che intermiediare ones are of intermediate magnitudes, whereby different vi- 


bratiogs are. excited. in the retina, Which bin us fafuione of different o 
Jours: . 1 l 
222 The ſeveral . caia prime en 


| which yraduice s primary colour are called bonygeneal or fimiler: all other co- 
| Jours ariſe out of different mixtures of the primary colours: whiteneſs is a 
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which are capable of produeing the different primary colours. Neur. p. 4 17. vi0. 
223 Every point of a viſible object ſends from itſelf, as from a center, rays: © 
of light in ſtrait lines, every way through an hemiſphere : thug /fig; 126, che 26 
rays of light are diffuſed every way from tlie point A in ftrait lines AH, Ac, 
Ab, &c through the hemiſphere x BD; this is evident from hence that 
wherever a ſpectator is placed within this hemiſphere, ſo that a ſtrait line dan 
be draven from A to his eye, the point A will be viſible to him; it is for chis 
reaſon the ſame object may be viſible to an hundred people at the ſame time:: 
we are to underſtand by a point of an object, not a mathematical but 2 
that is, the leaſt i part of an object, or the leaſt part 
ght enough to make itſelf viſible: the light is in maenner 
fron all cee e ee e Ane 128 


224 An object is ſaid to be diſtant from a lens, when: the ſur face ofchalew 


that 


which is towards. the object is ſmall, compared with the diſtanceiof the object: 


an object is diſtant from the eye, when the aperture of the pupil is ſmall, cm- 
pared with the diſtance of the object: as uf, eee Age 3 
about an hundred and fiſtieth part of the diſtance of the object. 5 
225 All the rays which can be drawn from any one point B, fig. x 127 
an object As c, diſtant from a lens 2; n, to that ſurface: Ai | 
towards the object, may be looked upon as phyfically parallel: thus, the rays 
By and BY are fo near being parallel, that they will be:refrafted in the fame 
—— CA AI Lets 8 
lows, that. - | Lac ito oa atieads 
226 — woes Guiaaho fads: point ofaniobjett; ni fall waar: 
the ſurface of a lens turned directly towards the object, unite in 4 pb be- 
yond the lens: thus, fig. 127, let the object be a cy the ens vαοnανꝗ the rays 127 
which come from the point x, and fall upon the ſurface of tlia lens Gn, will 
be ſo refracted at their paſſage out of air into glaſs, and out of glaſs into air, 
that they will be made to converge ſo as to meet ſome there at a point, a/ 
227 The whole parcel of rays which thus coming frum any point nafald 2 
upon the ſurface of tho lens, and paſſing through it are united ina point are 
called a pencil of rays: à pencil of rays is a double cone of rays,”thecommon 
baſe whereof is the ſection of the lens vH: the vertex: of one com is i the ra- 
ea} com odzect, the-vertex of the other 'cone.:ix/w:the; rip of ithe 
pencil: pencit rays is a line nn draws from ame werf to er 
3 1b. 8. 47 2 © 
228 The rays of light coming from — — 
each other in the mannet repreſenced bp. 128, this they do in-innamerable 28 
E 3 anothers progreſs, by reaſon N 
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710. ſwalloeſ@of he particles of licht this may be looked upon as one of thoſe 
93 5 many wonders: which we meet with, in our ſearches-after natural knowledge. 


£ 758 An hielt is ſeen When the rays of light coming from all parts of it 
the pupil of the cye, and paint its picture upon the retina a, which is a 
eee eee of the eye: the following experiments are proofs 
of this, expert E. take out the eye of an ox or ſheep new killed, and ſtrip off 
,, crtfully;the Min and fat from the back part of it, till only a thin film is left 
4 cher upon this film the am the r of the 
eye il be paintedia little. 
2360 Rer. 2. 1 make a fall Wie the dor 
or window-ſhutter, hold a white paper over againſt the hole at a proper di- 
-- tance from it, within the room, and there will be painted upon the paper the 


£ . objefts without doors which are within view of the hole: this 


fucceeds beſt when che ſun ſhines upon that fide of the objects 
which. is: towards the hole: the picture will be more ſtrong and lively if a 
lens be placed in the hole: the proper diſtance for the paper is found by tryal, 


e e e eee ee 


Py > 354 . 
3 Au. Vow LY N An 8 


Fe 4 1 loch theſe ene 1 enn 


alla in the ehr of living perſon; this leads us to this enquiry, how does an 
inperted image make us ſee the object erect? to:-which-it may be anſwered, that 


invifion; as in the perceptions dy out other ſenſes there is no likeneſs between 
the ipreſon made by the ſenſible object · upon the bodily organ and the ſen- 


mien thereby cncited in the ſoul; there is only a connection between theſe two, 
ſoathatfach an impreſſion ſhall always excite ſuchia ſenſation; in the caſe be- 
- fora vs; ſuch an impreſſion upon che tetina as is always uſed. to be made by 
al erett object will always make us perceive the object erect; this impreſſion 
is es made, when the rays of light from that part of the object 
vhichs naateſt the earth fall upon that £37 what which is furtheſt 
- frotaaheearch e mf lighrcotning from'that part of the obhect which 
is fynbeſt from the the;carth, fall upon that part of the retina 1 
rarthiu- Aan dieb. G. 105. Smith Optic. p. 38 and 49. 


— 2 IAS g 295 be a lens placed in a hole of a. ſhutter to a wy 
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N rom the point 


| bead cor al i — lines, rerminating in r. 
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paſſing through the tips of the |pencils,"is called rhe Hines baſe; becauſe a 710. ö 


paper held there will have painted upen it the diſtinct picture Y che dhzect; 
if che paper be held nearer the — ny POR af e win pee -0 E 
fuſed. * | 


233 fi the Faroe bse bee l put ech By 120 ed globe 30 
of the eye with its coats and humours, whereof we conſid ch y the br i 
ſtalline humour, which forms a lens o H Lx hy this lens, the rayScoming Wor f 
the ſeveral points of the object through the pupil of the eye o, are Id refract- { 
ed, that the pencils terminate upon * DEF, eee 
picture of the object. Molyneux dioprre p. 
234 The pencils of rays have here cs ſhew how an | 
object comes to appear diſtinct or oonfuſed: iꝶ peking of the apparent mag- g 
nitude of objects, we conſider only the axis of pencil, ref thoſe peticils | 
” 


in particular which come from the extreme of the object: we may ſay 
then, that the magnitude of the picture upon the retinã is determined by ſtrait 
lines drawn from the extreme points of the object, through the pupil to the 
retina: thus, fig. 1 30, min rr mc ney | 
Ar and cp. See g 227. * i 
235 The apparent hf ent le X's, fig. 131, istheangle en- | 
ed by two ſtrait lines drawn from the extreme points of it d meet- | 
ing at a point in the eye at c: the optic qx viſua ] angle, under which'the net 
AB is ſeen, is the angle A c B. Tarquet. optic. I. f. definit. 4 A 
236 Suppoſe an object were a circular plane A B Op, viewed directiy, . 5 
132, imagin ſtrait lines to be drawn from every point of it through the pu- | 
pil, theſe will croſs and forin'two-imilar'cones, one of which;"Dcz haf is 
| 


baſe upon the retina; the other, which ig called b wee bash 
object for its S tie © 

of thechryſtalline; the viſual cone-is-Fe Trait li 

point of the object to a poi point in the eye. Ar 7 obviods. ur iP MT 


circle, the obje were a triangles eue polygon, che lines . ö 
would have formed a viſual pyratnid-infteed-of ; cone; 1 


more ſimple figure, and therefe — proper for our 1 
237 way pms . "of 6 ircle le che- apparent magarude of its | $ 
n nit 0¹ "he cir e 1 
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8 INTRODUCTION. N 

238 Ik an opake globe be at a moderate diſtance from the eye, the picture 
of it upon the retina is a circle, prope rly diverſified with light and ſhade, fo 
as to excite in the mind the ſenſation of a globe: if a globe be at a great di- 


0 re lights and ſhades which form 
the picture of a be will not be perceptible, and then the globe will appear 


likea circular plane: thus, the moon viewed with the nakedeye, and the planets 


viewed through a teleſcope appear like circular planes. A luminous globe, 
though at a moderate diſtance from the eye, appears like a luminous plane: 


the eye cannot diſtinguiſh a globe of iron heated ſo hot that it is almoſt ready 


to run, from a flat circular piece, at the diſtance of a few yards; n 
can the eye diſtinguiſh a luminous globe from a plane, when the diſtance of 
it is very great, as is that of the ſun from us: ſuch a globe appears luminous, 


_ becauſe the rays emitted from it are of all ſorts mixed together F222; and it ap- 


pears a flat circular plane, becauſe the rays of light come from all parts of it, 
as to ſenſe, with equal fullneſs and ſtrength, without any ſhades, or difference 
of colour: for this reaſon, the ſun, though really a globe, appears to us a Cir- 


. . cular plane, whether we receive his picture upon a piece of white paper in a 


dark room, or look at him through a ſmoaked glaſs. | 
239 When we conſider the ſup, moon, or planets in this view, we call 


5 them the djs of the ſan, moon, or planets; the apparent diameters of which I 


mall ſhew how to meaſure, in a proper place: the apparent diameter of the 
diſk of the ſun differs not ſenſibly from the apparent diameter of the globe of 


te ſun: $ 149: the ſame may be fad of * 


240 Tha ants 6 ibis . 14 1s vidble; the 


133 further off it is, the greater is the viſible ſegment: thus, fig. 133, let the globe 


be gp, let the eye be at 4, from A draw tangents to the globe which will 


touch ĩt at c and un; if theſe lines be imagined to be carried round, ſtill touch- 


ing the globe, the point a being immoveable, they will then include the ſegment 
of the globe, o c n, which is viſible at A: if the eye be further off as at B, from 3 
draw tangents BL and BM, theſe carried round, as before, will include a larger 


ſegment of the globe, viz. L cM, which is viſible at 3. 


241 If a globe is at a very great diſtance from the eye, ſo as to appear under 


a 2 very {wall angle, which is the caſe of the ſun, moon, ſtars, and planets, the 


.-  _ viſible ſegment of the globe will not be ſenſibly leſs than half the globe: and 
es 134 then fig, 134, the line 6 x which ſubtends the viſual angle, differs not ſenſibly 


{ Fram vx thoGamoner of the globe. Tanguee. Optic. I. 1. prop. 37 & /eqq- 
242 The nearer a globe is to the eye, the greater is its apparent diameter; 
| that js, wade MT RO ENGINE ne al's globe = 5 
els 
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1 "ern Abalone... e 
leſs is its apparent diameter; that is, the leſs is the optic angle under which FIG | 
the diameter is viewed: thus, fig. 13 5, ſuppoſe the eye is at B, the moon at 1 35 ; 


anne ates bet; late eR 
the moon will then be ſeen under E re 


of this is true, via. ce large the parent! * 
nearer is that globe to | Et knc NC " | 
are ſometimes nearer to than they times xeirf | 1 | 
diameters are ſometimes larger Mt: D : : ev e ” | I i 
inſtruments proper for Hat rde n * ; 3% 78 .- , 7,4 / j 

*243 T's globes of diffrent magpirade reap ih FUR Tang af 
their diſtances are in a direct pro —— —— 
if the ſun be as mus furtk Strom . N 
greater than the moons, their appdata F h | 
let AB c be the ſun, æroi the mio KMR 


under: che ſame angJe!L Wt: if 


| aft according 
to this proportion, :thu-tef& globe w Il 2 ——— - 
fig. 137, ler AB c p be che fun, 2FG1 the moon, let the eye be at n; the f 1 | 
mare er ee be eee 
the moon is ſeen. © | alraiaſ 1 
244 The apparent aer ds W moon are-a 7 | 
| the diſtance of each of them is ſo varied, ſometimes the | 
meters are exactly equal, as in fig. 136: ſometimes the apps i 
the ſun is a very little Te{s' — q 
137: and ſometimes the apparen er bf 1 | I 1 


than the apparent diameter of che ſun, as in | 
paſs, that in a central eclipſgaf the ſun, the fun i 
the moon, ſometimes he isa/l1 le more chan c 
does not quite cover the ſun, but a ring of hip-li 
245 If an object, whoſe" real magnitude 4s E | &ithour 
any intermediate objeQts to compare it with, we judge of ita diſtan by its 
apparent magnitude: thus, we judge the diſtance" of a crow au e s . 
to de greater, the leſs the crow appears; 3 the apparent milgnude 
— cue rt pr p the retina ti 
fererit magnitude e ſenſations * Pie mater 
Ing fs ſuch 8 


52. Fan 


44141 46: Another way by which we judge of the diſtance of a known objeR, is 


by the diſtinctneſs or confuſedneſs of its appearance: we have a thouſand times 
experienced, that we can diſtinguiſh the ſeveral parts of an object better, the 
nearer it is to us, and that at ſuch a diſtance it appears with ſuch a degree of 
diſtinctneſs: colour is another circumſtance that ſuggeſts to the mind the idea 
of diſtance: thus we judge a mountain to be at a great diſtance, when it ap- 
pears of a faint blewiſh colour; nr whoa they 
would repreſent the diſtant parts of a land{kip. - 

247 As for an object that is ſeen with other objects, a io uſually: the caſe, 
the diſtance of it from our eye, beſides the circumſtances already mentioned, 
is alſo ſuggeſted to us, by the apparent magnitude of other adjoining objects, 
obliquely extended either beyond the object in view, or between it and our eye: 
- thus, we judge an houſe to be further off, the more ground we ſee between it 
: andche place where we ſtand to view it: See Smith's Optics l. 1.c. 5. It is mat- 
ten of experience, that in perſpective, lines that are really parallel will appear 
_ to converge towards a point, which is of the height of the ſpectators eye, and 
pee ee thus} che furtheſt parts of 
a ciching ſeem to deſcend; the furtheſt parts of a level pavement appear to riſe 
higher; a walk of trees ſet in parallel lines, viewed at one end, ſeems to grow 

narrowerias the trees are more diſtant from the eye: and converſely, ſince the 


ſamt ideas always accompany the fame impreſſions upon the organ, we judge 


8 An a level pavement to be the furtheſt off, "which appears higheſt; 


and ve judge that part of the cicling to be furtheſt off, which appears loweſt; 
N 0 ong through a walk of trees ſet in parallel lines, we judge 
|  tharpar of che walk co be furtheſt of which appears ae Lee. opt. 
L. prop. 24 C25 
248 Without eee eee eee the ende 1 
judge of the diſtance of an object: the moſt proper for our preſent confidera- 
tion art luminous objects: let a number of lamps be placed irregularly, at dif- 
Ferentdiftances: from the eye, in a dark night; here being no ſenſible difference 
of colour no zaman bee no converging towards the point 
of fight, che eye perceives no difference in their diſtance, and they will there- 
nel 0 to be es diſtant from the ſpectator; for the fame reaſon, 
the ſun, aud moon, ſtars and planets, ſeem all to be at the ſame diſtance 
from us it ig indeed very probable; that ſome of the ſtars are many millions 
of miles further from us than others; the diſtance of the ſun is demonſtrated 
to be much lefs than the diſtance of any ſtar; the moon and ſome of the planets, 
we know by-ocular proof, are nearer to us than; the ſun, becauſe they ſome- 
[Une coms berworm the in and our eye, and hide this whole diſk or part of 


it 


INTRODUCTION | 98 
it from our view: this the moon does every time the ſun is eclipſed: neverthe- IG. 
leſs the ſenſe perceives no difference, in the diſtances of the heavenly bodies; 
to us they appear to be all equally diſtant, and to be placed in the ſurface of a 
ſphere whereof our eye is the center; the heaven therefore may very well be 
repreſented by the glaſs ſphere, or by the common celeſtial globe. 
249 The concave ſurface in which the ſtars appear to be placed, is called 
the ſphere of the fixt ſtars: this ſphere is ſo immenſely large, that our eye would 
ſeem to be in the center of it, and we ſhould find no ſenſible difference in the 
apparent places of the ſtars, though we were removed many millions of miles 
from our preſent. ſituation; becauſe ſuch a diſtance, though great in. it ſelf, 
dwindles to nothing, and becomes inſenſible, when compared with the.vaſtly 
greater diſtance of the ſtars from us: this may be illuſtrated by this eaſ expe- 
riment; let any perſon look at two or three objects that are at a pretty large 
diſtance from him, but appear near to one another, a ſmall removal of che eye 
will not alter the proſpect of thoſe objects: thus, ſuppoſe a man ſtanding in a 
certain place, looks at two or three churches that are chree or four miles di- 
ſtant from him, but appear near to one another, he will ſee them in a certain 
poſition; let him remove two or three feet from his firſt ſtation, and they will 
ſtill appear, as to ſenſe, in the ſame ſituation as before; becauſe the diſtance 
of two or three feet bears an exceedingly ſmall proportion to the-diftance.« 
three or four miles; in fo ſmall a difference of ſtations, the differeneg of the 
pictures of ſo diſtant objects upon the retina, is too ſmall to be perceptible., 
The following propoſitions in perſpettive are very uſeful. to help . 
tion, in concei ving the repreſentations of ſeveral appearances inthe b lier 
they are diſtinguiſhed by points, that the reader may if be pleaſes paſs. them, | 
for the preſent, and read them 2 when they are eee to, 48 they will 
be in proper places. br Tis. t rh nad? 
250 Perſpective i is the art 8 upon A the repreſentation. of 
any object, or in other words of drawing the picture of it: a picture drawm in 
the utmoſt perfection, and placed in a proper poſition, ought ſo to appear to 
the ſpectator, as not to be diſtinguiſhable from the object it repreſents: in order 
ä to produce this effect, the rays of light ought to come from the ſeyeral parts 
| of the picture to the eye of the ſpectator, in the ſame direction, and with th 
ſame ſtrength of light, ſhadow, and colour, as they would do from the cee 
ponding parts of the object ir ſelf, ſituated in the place wherein the picture g 
preſents it to be: thus, fig. 140, if we ſuppoſe a ſpectator whole eye is at i de 140 
looking at a picture of a cube ah c, and the original cube ang h be 
actually placed behind the picture, at the ſame diſtance from his eye 


f fame fituation as the picture repreſents | it to him; s light, FAG Any, Point 4 


o AW. . 


1 INTRODUCTION. 


n. of che picture, ought to come to the ſpectators eye » by the ray art, in the 


149 ſameèe direction, with the ſame colour, and N of light and ſhadow, as it 
would do from the correſponding point A of the original cube, by the ray am. 
2351 The plane upon which the picture is drawn may be called the glaſs, 
| becapſe it may be imagined tranſparent, as glaſs i is, for the rays of light com- 
ing from the object to the eye to paſs through. 

252 If we imagin lines drawn from every point of an object to the eye, 

through the- glaſs, they will form a plane figure upon the glaſs, ſimilar to the 
pi of i eo n the bottom of the eye: the out lines of the figure 
formed upon the glaſs are called the prejection of the object. 

25 53 When the eye is at a moderate diſtance from an object, the prajection 
of itis called ſcenographic-.in this manner the ſcenes of a theater are deſigned, 
as are alſo pictures of buildings, gardens, &c drawn in perſpective: I call that 
A mogerate diſtance where the apparent magnitude of the o ons a ſen- 
fible' proportion tothe diſtance of it from the eye of the f | 
_ © *254 'When the eye is at an infinite diſtance from the object | the projection 

pf it is call orthographic: in this caſe, all the lines which may be imagined 


|  frawn' from the ſeveral points of the obje& to the eye, though they really 


_ converge and meet in a point in the eye, yet may be — dm as phyſically 
parallel; becauſe they have the ſame effect, are projected in the ſame manner 
1pot the glass, and form the ſame picture upon the retina, as if they were re- 
plly parallel; that i is commonly called an infinite difance, which is immenſely 
- where the a t magnitude of the object is exceedingly ſmall com- 
ed with the diftance of it from the eye of the ſpectator; where conſequent- 
che object appears under a very ſmall angle: this is the caſe with regard to 
& fun, which, though really of a great magnitude, by reaſon of his vaſt di- 
| ſtance from us, ap 1 ſmal] angle, of no more than about 30: for this 
reaſon, all rhe rays of light which come from the ſun to our earth may be 
upon as phyſically el; and therefore if any plane or ſolid figure 
— The fon -the of it, caſt upon a plane held perpendicular to 
| ne 00 er che fn, will be the orthographic of that figure: thus, 
fhethadow'or a circle held directly to the ſan, fo chat his rays fall upon it 
to 'rhe'plane of it, will be a true circle, if projected upon a 
rpendi: jo the rays of the fun: : thus alfo, a circle held obliquely to 
. th Ko Fe is eps fall inlined ro the plane of in will be a true ellipſis, if 
pfroſece . ee een ee, The orthogra- 
c pr greateſt uſe in aſtronomy, and therefore principally to be 
ed: explain as much of chat as is neceſſary in the twelve 
hens then ſay ſomething of the ſcenographic hho 
255 
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* 255 The prcjectiog of a Nb 5 a 
256 The projection Sf a cre ies 748 
the eye to the center ofy would? bays pendicular te 
257 The pro wed obliquely, 5 
the eye to the centef it would make an acute ang 
circle, is an ellipſis. 


d w © * 
i 12 W 
8 
a "x . 5 


Slane 9 
chat a line drawn from 
with the plane W . 


258 A circle vi in ſuch a poſition that the pſthe of the xeclBicinvcd. | 5 N 
would paſs through tlie eye, appears a ſtrait line: theſe three laſt propoſitions [ 3 
may be illuſtrated 5 the different appearances of thgcircular rim of a china * | 


baſin: look directly Into the baſin, and the rim will appear'a circle, as fig. 1417 
look obliquely u and it will appear an ellipſis, mc 
is viewed more or lefs9bliquely: fig. 142 repreſent! — dal 
ly; fig. 143 ſhews the ſame viewed more ghHꝗfeEe n 
— baſin, as it appears viewed with the 


or ics Rape A 281 


| — a arly thaw > 
ably different from a true ellipfis, ban 
from the {pe ; the ge of bout | 


1 In this Experiment, i 
thographic, and the cirve not ſc 
mult be placed at a 


parts which are equal in the orig: cirele 
&ion of it: thus, ſuppoſe a cireli i dꝭyided into 12 equal 
be viewed ſo obliquely that the projec tion of Els the © 


F ſe fituari 
abcdefgbilmn. F< 8 | G3 144 
260 When a ane viewed FP, pick 

c—_—, a REIN ger ride an 
obliquely at fig. 14. N with your eye in the plage f che + paper cone 45 
che book being held in proper en Uiſtanes from you, th ed 
micircle GH tLMNA wilt 1 ar | 2 * 
the neareſt of theſe call th! 
the eye: that which is 
cauſe it is concave towards th = DP RT 
261 If a concaveefernicin divided igt; nf numbe 
viewed obliquely, or with the in che pl Fr 

qually diftant in che original micircle v 

eft the middle of the proqec ion wi 

thus, if the concave 2!nicirgle ABC 
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10. the projection of it is che ſemiellipſis abedeſg, fig. 146, the arcs cd and de 
146 are greater than bc, or ef; and the arcs bc and ef are greater than ab, or fg: and 
143 if a concave ſemicircle AB C DEF d, fig. 145, be viewed with the eye in the 
147 plane of it continued, ſo as to be projected into the ſtrait line ag, fig. 147, then 
„ e ee ee or ef; and bc or ef will be longer than 46, 
or. g 
26a fa convex ſemicircle divided into any number of equal parts be viewed 
obliquely, or with the eye in the "tj of it continued, the points equally 
diſtant in the original ſemicircle will be projected in ſuch a manner, that thoſe 
neareſt the middle of the projection wi _ to be moſt diſtant from one 
145 another: thus, if the convex femicircle 6H1LMN 4, fig. 145, be viewed fo 
1 obliquely that the projection of it is the ſemiellipſis g Bi Imna, fig. 146, the 
arcs i and Im are greater than 5; or u n, the arcs bi and mn are each of them 
| greater than gh pr na: again, if the ſame convex ſemicircle G 4 11 MN A, be 
viewed with the eye in the plane of it produced, ſo that the projection of it 
u2 ig the War line glass, fig. 148, the lines i/ and Im are longer than Hi or 
e and mn are cach of them longer than gh or na. 
263 In the r projection of a circle, the projections of the con- 
be ang the concave one are ſimilar, whether the projection be an 
:46 Alipſ or a trait line: thus, fig. 146, the ſemiellipſis abedefg is ſimilar to the 
ielliphs .gh:/mng; and the largeſt arcs in one are equal to the largęit 
arcs in the other; as are alſothe ſmalleſt arcs in one to the ſmalleſt in the other, 
133 1 — intermediate ones in the 
other: that is, ab is equal to 24, 28 CREE e 
147 allo, the line ag, hig.. 147, is ſimilar to the line ag, Hg; 148, that is a6 in one 
148 er t cheſe lines, as is alſo bc in one to þc in the o- 
ther, and cd to cd &c. 

264 Corollary. From hence it follows, that a body moving in à circle regu- 
bea wich the ſame yelocity through all the parts of the circle, will appear to 
move-drregularly, toa ſpettatgr who views the circle obliquely, or has his eye 

145 iy hat ol the cirele produced;: thus, fig, 145, let 4 be a body moving 
wih equa] arcs in equal times, in the circle An CDR, Gc. that is, mov- 
ing m A to , in the ſame time that it moves from ; to c, or from c to , or 
from p ro»; &c, If this circle be viewed ſo obliquely, that the projection of it 
is che ellipfis 7 127 &c, fig. 146, the apparent motion of the body will be 
e lappęar to move from 4 to 5, in the ſame time that it moves 
from þ oc, at from d to e Ge: N uality in the motion is ſuch, 

mat boch in che congave and convex ſemicircle, the moving body appears to go 
3 e middle: for in the projgRjon of the goncaye RO 
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Yoo chad ado 6 org; regen; pub 
mn, and bi and mm Ie; er UP projeQtion = 
e moving body 147 | 


175 | 
will appear to m from a to þ the nk e pin 5 to c, Ge, chat is, | 
quickeſt near the m e of the line: and equal diyi ons in the convex ſemi- 


circle will appear as in 48, moving body will appear to us . 
deſcribe the line gh in the fame ting as it does the line h or f, or Im, cher 5 
which apparent motion is alſo f nchen peafeſt the middle of the Ine 
*265 The following era to illuſtrate, as well as ſhew the 
uſefulneſs of the propoſition now before us, and are therefore brought in this 1 


place by way of anticipatibn;'the firft Net ; the orbirs of the ſatellits of Ju- 
piter and Saturn are at fi a diſtabes from us, that the e on s 
orthographic, when our e is elevated above any one of their plants the ele. 
vation is ſo little, that thi | elli : 

as is drawn fig. 146, ſo | 
according to the order of the letersanequal arcs in equal times; 4 
to h in the ſame time as from i to c, or ftom c to d, Gc, firſt in one ſemic Hipſi 
abede g, from the right hand towards the left, and then in the Ger ff nick 
lipfis gh ilm na, from tlie left hand towards the right; 


ſomerimes 18 in 
the ee, trait 1 
line, in which alſo the t a to move 3 ng pong whi * 
in its concave ſemicircle, e eee Hh 
from à to h, in the ſame time that it does from þ to c, or Es 4 
147; and whilſt in its convex ſemichele, going back again\with the i; 
equal motion, D oral ca I 


frome to d, &c, fig. 148. 
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266 The ſecond examp H c $ 
be more at large ereafter; if we agm 
called the ſuns equatgr,'to be g wn upon [the globe 
from both his polss, | en 00 
only half the ſun globe. 
dee Sg we N. edle d us at a time, and the 
projection of theſe ſeni pes — Ferently, according as Ws | 
is differently 2p: equator; thus, if che eye be 
little elevated EN 2 N the ſuns equator; it Me | 
' likewiſe elevated above 0 Ice lanes of all the parallels, And the | 
Projections ah: 10 5 . een 149 | 
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710. cyebe alexated abaraghe (ouch fide of the plane of the ſuns equator, it will be - 
n like manner elevated above the ſouth fide of the planes of all the parallels, 
150 und the projections of them will be ſuch Kantele as are drawn, fig, 150: if 
| e he Cups © quator produced, it will likewiſe be in the 
Ho uced oof, allthe parallels,$254, and then the projections of them will 
151 ſtrait Ae 151, now if we imagin theſe circles drawn upon the ſuns 
globe to be divided into equal parts, by viſible points, theſe points will appear 
ug unequally diſtant in theſe three ſeveral prq;ections; as they are repreſented in 
150 fg. 149, 150 and 151: from whence it follows, that a ſpot upon de ſpherical 
E ſurface of the fun, being viſible only whilſt that hemiſphere upon which it is 
placed is towards our earth, will, by the really uniform rotation of the ſun 
round his axis, appear to move unequally upon the ſuns diſk, ſo as to go quicker, 
the nearer it is to the middle of the diſk, and. flower the nearer it is to the 
| edges; 5 and this will be the caſe, whether the eye be elevated above the plane 
of the ſunsequator; ſo as to make the projections of that circle and its parallels 
49 very oblong ellipſes, as in fig. 149, and 1 fo, or the plane of the ſuns equator 
50 continued, paſſes through the eye, ſo as to make the projections of chat circle 
151 and its parallels ſtrait lines, as in fig. 15 l: a view of theſe figures is ſufficient 
to ſhew the inequality of che apparent motion of a ſolar ſpot ; the numeral 
5 Fbgütes ſhew ie apparent place of a ſpot every day for 13 days, which is a- 
: 1 hs, ti. the time in which a. ſpot appears to us to revolve round the ſun: 
19 thus, fig. 149, 150, and 151;if any da at noon we obſerve the apparent place 
51 : of aſpot at 1, the next day at noon i 10 wil be at 2; the third day from the fr 
obſervation it Will bear 3; the fourth day it will be at 4; &c. 

36% The ſcenographic projection of the out- lines of a figure may be 0 
b Gifting the ſhadow af it upon a wall with a candle; thus, a circle of wire 
held obliquely between 4 candle and a yall. will caſt a ſhadow of an elliptic 
52 form, ſuch as is repreſented fig. 152; where g / a the lower part of the proje- 
« con is the half of a wider ellipſis than: the upper part adg i is; but the moſt 

TE ACCUTAtE as well as the cafieſt way of taking the projections of all kind of fi- 
guts is by the camera. ab/erg, or dark r which is now ſo commonly 
nown, that I need add nothing to the hore d-ſecipribn already given of it, 


$230, Put this, that when a lens is made uſe of, the projection will be larger, 

_ the longer che focus of rhe lens is; that is, the flatter the lens is, or the larger 

_ the ſpheres are hereof the ſides of the lens are ſegments; and that with the 
ſamelens.you-may p proje the objett of different magnirudes, according as you 
Place f it, at different diſtances from the lens. 


-268 In the ſcenographic projection of weircle, the projections of the con- 
244 careandconves ſemicircles are not fnilar, Winder the projection be an el- 


liptic 


0 


: INTRODUCTION: 3 
liptic curve or a ſtrait line; for though in both theſe the parts which are e- ro. 
qual in the original circle appear larger in the projection, the nearer they are 
to the middle of it, equal parts in the original ſemicircles will be more une- 
qual in the projection of the convex, than in that of the concave ſemicircle: thus, 
if a circle divided into 12 equal parts, fig. 145, placed at a little diſtance from 148 
the eye, be viewed with the eye a little elevated above the plane of it, ſo that 
the projection of it is the elliptic curve, fig. 1 52, the points ADE Ge, & 152 
qually diſtant in the original will be projected into the points abcdef &c, un- 
equally diſtant, in ſuch a manner that in the lower and convex ſemiellipfis 
gbilnna, there will be a greater difference between the ſmalleſt and greateſt 
arc, than there is between the ſmalleſt and greateſt arc in the upper and con- 
cave ſemiellipſis abc d eg, again, if the fame circle placed at a little diſtance 
from the eye, be viewed with the eye in the plane of it continued, the concave 
ſemicircle will be projected into the ſtrait line b, fig. 153, where the points 153 
N,A,B,C,D, &c equally diſtant in the original, are projected into the points une- 
qually diſtant 1, 4, % c, d, eg, b: but che convex ſemicircle will be tojected into 
the ſtrait line hn fig. 1 54, in which the points u, I, , , , equally diſtant in che ,., 
original, are projected into points ſtill more unequally diſtant, di. bi, lin., 
269 Corollary; if a body moving uniformly round in à circle, at a moderate 
diſtance from the eye, be viewed with the eye a little elevated above che plane 
of the circle, it will appear to move unequally throughout the whole circle, 
but moſt unequally whilſt it is in its convex ſemicircle; for let fig; 152 be the 152 
projection of the erg d the body moves, it will appear to move in e- 
/ qual times from a to b, fro tor, from © to d, from d tos, fro e to i &cz 


; if the ſame body moving uniformly round in à circle, at à modera rate diſtance 
from the eye, be viewed with the eye iu the plane of the circle oontinueqd; ir 


will appear to move unequally in ſtrait Ines, but moſt unequally-whilf in 
its convex ſemicircle: thus; fig. 1 53, let the body 4 move round in che circle 6 


aon dee according to-the'order of the-letteis, the eye being iniths platie of 
the circle continued at y; Whilſt it is in its ebncave ſemicirele, it Will aß: 
pear to move unequally, going in equnl times from 6 to l. rom & bern 
c to 4% from 4 to e, Gez but whillt the body is in its convex Jemicivele, R, 
154, it will appear to move more unequally, going the contrary way to thi «54 
former, in equal times from g to h, fromm h to f, from i to i Sc; this may 
be illuſtrated by the following Ser which is alſo brought in here hy M 
of anticipation, and will be better underſtood hereaftes; ſuppoſe the Asltangg orf 
our eye from the orbit of Mercuty, and its elevation above the plane of it were 
ſuch, that the projection of this orbit ſeen from our earth would be the curve 
abcd &c, fig. 151; the figure ſhews what the apparent motion of Mercury ,,, 

| n H 2 5 


bo INTRODUCTION. | 
FIG. round the ſun would be, ſcen from our earth, if the carth were all chowmiihero 


= 32 continue at reſt; namely, in equal times the unequal ares 1, ab, c d, de, g. gb, 
1 from the right hand towards the left, whilſt: he is in his concave ſemicircle, 
pry * aud more unequal arcs 51, il, In, mn, in equal times, from the left hand to- 


Wards the right, whilſt he is in his convex ſemicircle: in like manner, if the 
| '5 orbit of Mercury were repreſented by the circle a B cv &c, fig. 153, and 1 54, 
and che eye were at reſt in the plane of it continued at , the apparent une- 
qual motion of Mercury whilſt in his concave ſemicircle, would be in equal 
times in the unequal ſtrait lines from ; to a, from à to 6, from þ to c, &c, 
1 fig. 153; from the right hand towards the left; and whilit Mercury is in his 
lj * convex ſemicircle, his apparent motion would be in equal times in more un- 
| ; ſtrait lines from þ to i, from i to I &c, fig. 154, in a direction contrary 
to the former, from the left hand towards the right. 
270 Scbolium, although 1 have in this and the preceding ſection uſed the 
word ſemicirde, it is to be obſerved, that when a circle at a moderate diſtance 
| from the eye is viewed, the convex part of it is not quite ſo much as a ſemi- 
circle, and the concave-part of it is a little more than a ſemicircle; for if we 
*  imagin the lines v and y to be drawn from the eye at v tangents to the 
153 circle, fig. 153 and 154, they will touch the circle at ̃ and x; ſo that the con- 
'5+ cave part of the circle will be x ABCDEFPGH, greater than the convex part, 
which is H GL MN; and the nearer the eye is to the circle, the greater is the 
difference between the concave and convex part of it: thus, if the circle x Gp 
88 fig. 155, be viewed, the eye being at , the concave part of it is x H r, the con- 
ver zar: if the eye be nearer the circle as at a, the concave part of it is then 
en and the convex part is CGD. ; 
7271 In the ſcenographic projections kitherto explained, the eye is ſuppoſed 
= to be placed a greater diſtance from the center of the circle whoſe projection 
Ec 5 is to be found, than the ſemidiameter of the circle: there is another kind of 
| prejection of a cirele into a ſtrait line, in which the eye is ſuppoſed to be in the 
plane of the circle, at a diſtance, of a ſemidiameter from the center of it: in 
this projection, which takes in only, the concave ſemicircle, equal parts in the 
| ſemicircle will appear ſmaller in the ſtrait line, the nearer they are to 
456 the middle of it: thus, fig. 1 56, the eye being at du, the vidiſtant points 
A. B, C, D, E, F, G, u, 1, will be projected into the unequally, diſtant oe 
Ae 1, where the lines de and ef are ſhorter than cd or fg; the 
lines rd ten ſhorter than bc or gb; EO NP PEO CS) 
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$ 272. THE EARTH is the place from whence we view\the r 
bodies, the appearance of theſe bodies is different to the inhabitants of diffe- 
rent parts of the earch, this is evident from the experience of all who have 
travailed into far diſtant countries: the ſun, moon, and ſtars riſe and. ſet in 


Greenland, in a manner very different from what they do in the Eaſt Indies 
and in both theſe places they appear. differently from hat they do in England: 


the cauſe of this difference is ths ſhape of the "earch; : this therefore 1s one of 
the firſt things into which an aſtronomer ought to/enquire.. | | + 

273 The earth is ſpberical: by the earth is meant the earth and ſca; now dat 
the earth and ſea together itute a body of a figure every way round, We 
have ſeveral proofs, fome of which-ſhall be here produced, the reſt being re- 
ſerved for a more proper place. 1. When we are at ſea on board a ſhip, we. 


557 be out * eee to be viſible, if it 
8255 were 
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6 ASTRONOMY BOOK I. CHAP. I. 


FIG. were not hid from our eye by the convexity of water; thus, fig. 1, let ABC 


I repreſent a piece of the globe of the earth; let 14 be the top of a mountain, 

this cannot be ſeen by a perſon on board a ſhip at B, becauſe a line drawn 
from 4 to his eye at E is intercepted by the convexity of water: but let the 
ſhip come to c, and then the mountain will be viſible, becauſe a line may be 
drawn from M to his eye at r. 2. The higher the eye is, the further will the 
view be extended: it is very common for ſailors from the top of the maſt of a 
ſhip to diſcover land or ſhips at a greater diſtance, than they can do when 
they ſtand upon deck: thus, fig. 2, the top of the tower, p may be ſeen from 
B the top of the maſt, when it cannot be ſeen from A, by reaſon of its. being hid 
by the convexity of the water. 3. When we ſtand upon the ſhore, the higheſt 
part ofa ſhip is viſible at the greateſt diſtance: if a ſhip is going from us out to 
ſea, we ſhall continue to ſee the maſt after the hull or body of the ſhip diſ- 
appears, and the top of the maſt will continue to be ſeen longeſt; if a ſhip is 
coming towards us, the top of the maſt comes firſt into view, and we ſee more 
and more of it, till at laſt the hull appears: thus, fig. 2, let the eye be at c, when 
a ſhip is as far off as at r, only the top of the maſt is viſible, the hull is hid be- 
hind the water, when the ſhip is nearer, as at x, the hull may alſo then be 
3 ſeen. If the ſurface of the ſea were a flat, fig. 3, a line might be drawn from any 
object ſituate upon it, as the ſhip v, to the eye, whether placed high or low, 
at A or at B: in this caſe, any objet upon the earth, or = would be viſible 
at any diſtance which was not ſo great, as to make the appearance of it, too 
faint, or the angle under which it appears too ſmall, to be ſeen by us: an 

viſible at the ſame diſtance, whether the eye were high or low: 

not the hi gheſt but the largeſt objects would be viſible, to the greateſt di- 
ſtance, ſo + we ſhould be able to ſec the hulk of a ſhip further off than the 
maſt: all which is contrary to experience. 4. The convexity of the water may 
be ſeen upon any ſtill water, as upon a river which is extended in a ſtrait line, 
4 mile or two in length; a little boat upon the water may be ſeen at a mile 
diſtance, by a man whoſe eye is any height above the water: but if he ſtoops 
down, and Jays his eye near the water, he will find the ſurface thereof ri- 
fing up in ſuch a manner-as to cover the boar, and intercept his yiew of it. 
5. Several navigators have failed quite round the globe; not in an exact cir- 
cle, for this the winding of the ſhores, che land running out in many places 
into the ſea, would not admit of; but going in and out, as the ſhores happen 
to lie, they have held on the ſame courſe, and come home on a different fide 
from that they firſt ſet out from: thus, Ferdinand Magellan ſetting out on the 
weſt fide of Spain, continued failing weſtward till he returned home on the 
kaſt fide of Spain; our 8 Francis Drake, Capt. Dampier and others have one 
2 5 I 9 5 the 
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the like; the courſe they have ſome of them run is marked ſome maps 
and globes: theſe proofs are ſufficient to evince the 3 the water; 
that the earth is alſo round is evident, if we conſider, that the ocean is 
diffuſed all over the globe, ſo as to divide the earth as it were, into large 
iſlands; and that the arfacs of the earth is no where very much higher than 
the ſea, as is evident from the courſe of rivers, which are at a moderate eſti- 
mate computed not to have above one mile fall, in running a thouſand miles, 
and have their ſnores pretty much of the ſame heights; as Ao from the height 
of mountains, which are none of them found. to be above 3 or 4 miles higher 
than the ſurface of the ſea: theſe experiments prove the earth and ſea to have a 
convex ſurface eyery where. 6. All the appearances in the heaven, both at land 
and ſea, are the ſame, as they would be, if the earth were a globe, which proves 
it to be of that ſhape; and laſtly, in eclipſes of the moon, which are cauſed by 
the ſhadow of the earth falling upon the moon, as will appear when eclipſes are 
treated of, this ſhadow is always circular, whatever fituation the earth is in 
at that time: now a body can be no other than a globe, which in all ſituations 
caſts a circular ſhadow: it is true the ſurface of the earth is not an exact geo- 
metrical globe, becauſe it ſinks into valleys in ſome places, and riſes into moun- 
rains in others, but theſe inequalities upon its ſurface are as inconſiderable, 
when compared —— of the earth, as the little aſperities upon 
the rind of an orange are to the bulk of the orange; and accordingly we find 
that mountains and vallies upon the ſurface of the earth, cauſe no irregula- 
rities in its ſhadow, in a lunar eclipſe, but the circumference thereof is even 
and regular, as if it were caſt by a body exactly globular: the ſemidiameter of 
the earth is above 8000 Engliſh miles, the higheſt mountain is not 4 miles, 
higher than the ſurface of the ſea, which is but a 20000 part of the cartbhs 
diameter: thus it appears that the higheſt mountain bears no greater propor- 
tion to the bulk of the earth, than a grain of duſt does to a common globe. b 
We may imagin as many circles as we pleaſe to be deſeribed upon the earth, 
or upon the ſphere of the heaven: we may alſo, when we have imagined a circle 
to be deſcribed upon the earth, conceive the plane of that circle to be exten- 
ded every way, till it marks a circle concentric to itſelf, upon "” wang of 
the heaven. 
27 . / ay horizon Weiber ſenſible or meal: the ſenſible W 1 a circle, 
the plane whereof is ſuppoſed to touch the ſpherical fur ſace of the earth, in 
the place of the ſpectator whoſe. horizon it is, and to be continued to the 
heaven: thus, if I imagin the plane of the floor upon which I ſtand to be S. 
tended every way, till it reaches the ſtarry heaven, this plane is my ſenſible 
e d Van Geegrapb. 1. 1. 4 9. . 10 
rizon: 
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FIG. horizon: the rational horizon is a circle whoſe plane paſſes through the center 


of the earth, parallel to the plane of the ſenſible horizon, and is continued to 
the heaven. | 

274 The earth is ſo ſmall in compariſon of the immenſe largeneſs of the 
ſphere of the heaven, that the planes of the ſenſible and rational horizon coin- 
cide; that is, the diſtance between them, when meaſured in the ſphere of hea- 
ven, is inſenfible, not great enough to be diſcovered by any obſervation: in fig. 4, 
let AB ep repreſent the earth, æ hno the ſphere of the ſtarry heaven, if an in- 
habitant of the earth ſtands upon the point A his ſenſible horizon is ſe, his 
rational horizon ho, the diſtance between the of theſe two is AF the 
ſemidiamerer of the earth, which is meaſured in a great circle upon the ſphere 
of the heaven, by the angle ex o or by the arc es, this arc in ſo ſmall a circle 
as zhno would amount to ſeveral degrees, and conſequently the difference bo- 
tween the ſenſible and rational horizon would be great enough to be eaſily 
diſcovered by obſervation: but this circle in the figure is a great deal too ſmall 
to repreſent the ſphere of the heaven, proportional to ſuch an earth as is here 
ſuppoſed of the magnitude AB Cp; let us then repreſent the ſphere of the 
heaven by a larger circle z x x o, here the ſame ſemidiameter of the earth Ar 
meaſured in this larger circle amounts to fewer degrees, for the arc Eo is of 
fewer degrees than the arc ev and the angle xy o is leſs than eo but this an- 
gle alfo may amount to ſeveral degrees or minutes, and be large enough to be 

meaſured by aſtronomical obſervation: if we imagin the ſphere of the hea- 

ven to be ſtill larger in proportion to the earth, ſo that half of it may be re- 
preſented by the ſemicircle v dx, the diſtance between the planes of the ſen- 
fible and ratienal horizon meaſured by the angle r x leſs than the angle Eo, 
or by the arc Tx, leſs then the arc Eo, is now of a fewer degrees than in the 
laſt fuppoficion, but ſtill may be large enough to be obſerved with inſtruments; 
from a view of this ſcheme it appears, that the larger the ſphere of heaven 
4s, in proportion to the globe of the earth, the leſs ſenſible is the difference be- 
tween the {enfible and rational horizon, as being meaſured by a leſs angle: we 
may go on further, and ſuppoſe the ſphere of the heaven larger; ſo large, that 
the angle which ſhould meaſure the diſtance of the ſenſible from the rational 
horizon does not amount to a few ſeconds, or perhaps not ſo much as one ſe- 
cond of a minute, and N is too ſmall to be meaſured by any aſtro- 
nomical obſervation: this is in fact the caſe, and therefore the difference be- 
tyyeen the ſenfible and rational horizon is inſenſible; juſt as it would be if the 
eartk were a point of no ſenfible magnitude; and this is meaning of that com- 


— 1 


mon expreſſion, that the earth is but a Point compared wich the ſtarry heaven. 
5 4 ke . l e $; 275 The 
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'ASTRONOMY/BOOK/L CHAP. IL : we 


3 The plane of our horizon continued to the heaven dixides it into two 710. 
bemiſpberes, one wifible to us, the other inv;fible; as being hid ſtom us by the 
interpoſition of the earth: thus, fig. 5, let 2 o M repreſent the heaven, A 5 
the earth, the horizon of an inhabitant of the carth at A, is 1 o, his-yidible 
hemiſphere. is n; 2 o, his inyifible hemiſphere HN oz let anothier inhabitant af 
the earth be placed at o, on a part of the earth oppoſite to A, his horizon is 
no, his viſible hemiſphere nN o, his inviſible. hemiſphere. uz 0; the viſible - \ - 
| 1 often called alſo che upper hemiſphere; and whatever, ſtars or o- 
cher objects in the heaven are within it, they are ſaid to be above the horizon; 
as whatever is in the invifible hemiſphere i is ſaid to he below, the borigon, or in 
the lower hemiſphere: this way of ſpeaking may, without due caution, lead us 
into a vulgar error; to ayoid-which we are to remember, that ng part of the 
heaven is abſolutely in itſelf above or below, but only relatively, and in reſpect 
of us; for that which is above with regard to one part of the earth, is below / 
with regard to another: ; thus, if a man is placed upon the earth at A, the point. 5 
2 in the heaven is over his head, the oppoſite point is under his feet; on the 
contrary, A —‚— —T—— ů 1op 
3 A under his feet. 272 id K 
7 What has nom been n to bis) abet che 
think ir impoſſible there ſhould be any antipodes, or inhabitants of the earth: 
with their feet oppoſite. to ours, and imagin that, if there were any ſuch, they 
would fall downwards, as they call it, into the:ſky. which is under us: but to 5 
take away this prejudice more effectually, we may conſider theearth as A large | 
round loadftone, whoſe attractive power cauſes all heavy; bodies upon the fusface, 
of it to tend towards its center, and that the earth is ae cn a le ord 
ed by che heaven; and chen the reaſon will be.cafily een wi the } * 
of all parts of the earth ſtand equally upright upon it, with their fe rs . 
r, the center of it; namely, becauſe towards that the weight. or badeney gd, 
every mans body is directed, whather he lives at A or at ꝶ; at 1 * 2 5 
therefore a man living at A has A imagin tha e 
. n than be to fear that he Hide is. doh" 
of falling towar 5 Sd 
_— The horizon z. he felt diele with dg icſelf to che 8 conſideration; - | 7 
of an aſtronomer, and may be thus defined: be Bangen is. 3 which; 
any one upon a large plain obſerves, terminating his view cvery; Way Wundt, 
N the heaven and earth ſeem to meet: this definition choughir s 


to regard the ſenſible horizon, is applicable ra tional one, becauſe 
be ona wth a Wah er thewn,. $.87 53 in, . 
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110. aſtronomy and g 8 whenever che horizon is mentioned, the rational 


e 18 0 2 underſtood, when nothing is ſaid to the contrary. © 
279 Since the horizon is a great circle of the ſphere of the heaven, divid. 

"ingitintorwo equabpa arts, $276, it muſt alſo divide into two equal parts eve- 

ry great circle of that ſphere, which is interſected by it, 8 157; and fince the 

* horizon, as will appear hereafter, divides every ſuch great circle i into two e- 

-qual parte, this is a proof that the horizon is a great circle; & 51. | 

280 By reaſon of the earths roundneſs, every place upon the ſurface of the 
6 earth bas a different borizon: this is eaſily underſtood by fig. 6; if a man lives 
at's, his horizon is ec; if he lives at ö, his horizon is n; D; if at c, it is Ax; 
Ge. this difference of horizons in different parts of the earth is another proof 
chat the earth is ſpherical: if the earth were a flar, all the inhabitants thereof 
would have the fame horizon. | 
281 The Poles of the horizon, ® are called the Schick and W they are 
called alſo the vertical Points ; the zenith of any inhabitant of the earth is that 
point in the heaven which is over his head: the nadir is the oppoſite point in 
6 the heaven, directly under his feet: thus, fig. 6, if a man lives at a, his zenith 
is A, his nadir E; if he lives at 6, his zenith is B, his nadir 7; SWW. 

28 We may imagin as many great circles as we pleaſe to be Aeſeribed 
updn the ſphere of the heaven, 1 as to interſect each other in the two vertical 
points; theſe are called vertical circles or verticals; they are alſo called azi- 

7_muths: in ſig. 7, let a B e p repreſent the earth, vonn the ſphere of the heaven, if 
an inhabitant of the earth lives at A, his horizon is j o, his zenith 2, his nadir 

N, the ſemiellipſes terminated at 2 and x are projections or pictures of his ver- 
tical circles, whereof only one half of each vertical as 2 4 H u, or 2 b M, &c is 
Here drawn, to avoid confuſion: yerticals are ſometimes called ſecondaries of 
dhe horizon; and in general, any great circles which are imagined to be drawn 
_"_ the poles of another great circle, are called ſecondaries of that circle. 

253 The. altitude f any point of the heaven above the horizon, or its di- 

' below” the horizon, is the ar of a vertical intercepted between that 
. chus, if it be enquired what is the height of the ſtar 

7 à above the horizon n o, fig. 7; imagin a vertical cirele 2 oN to be drawn 

. the are a contained between the ſtar and the horizon is 305, 
the height LE Arca bot wk OT eee be- 


8 ho . edel Jackie wil 

284 be way of meaſuring the he of any of avenly bodies will be 
8 uniderfibod, by an explanation of fig. 8; let zo H be a circle of braſs di- 
Vided into 360", ſuſpended in ſuch a manner, chat the plane of it is perpendi- 
cular, and the line 1 0 parallel to che horizon; then will x 0 always — 


Ta 


* 
* * 
o 
+ 
: 
Us 
4 3% 
— 2 „ 
- wow a. * . 
* 933 2 SY”, 
* 
x oh 
2 
. 
Hs © 
; 7 * 
EO 
— 
2 
1 
. 
* 
” 
& 
0 4 
55 
* 
. 
0 * 
- 
* 
* 
17 
+ 
* 
— 
* 
* 
Ez _ 3 . 
* — 
* 
% , 
8 - 
55 A 
£ 
1. 
— 
— 
— * * 
* Aa" 
4 28 
* 4 
- * 4 
3 
3 
LOY 1. 
- * 
* 
. a 2 
7 
* 
1 
- 


*% "05 


bet We * 


on Th 


- 4 mw * 
* " * 
vp 
x 1 
* * 
4 * . 
— 0 * * * 
— 1 
— bk 
6 3 
— . 
-& ©. 


* 1 „ „ 


DS =” 


„, 


2 
71 $1 
a £ 8376; 


ES x 


= 
* - 
3 * * 
4 - 
=P "IN 
- 11 — 
*** * 1399 
2 = 5 
— * * 


— 
- 4 _ 
. «4 7 1 . 
2 8 CES 
o 
We * 
* : 
. 
- ” 
„ — 
. 
— ” * 
oY 
* 
- 
#4 
* 
* 
* 
0 
- 
" — 
45 > 
+ 
=, 


4 


nt 


* 
- 


ef 


n orden 


— 


_ CO 


Ps aces 
— — 


wh | 
- 
— 
” v re * 
* *. — * 5 , * * 6 ol we » a 
: C7 py 4 — —v— ꝶ——Eꝶ:Æx —— — n — oe , Is 2 
n WF, WT * 17 4 
'S " * \ | 
* 1 . e. | ; 

p 323 ” 4 S 8 
* * < 7 PP : N \ * 65 " - 2 . A I" al 
7 1 WOW £ g G * F * 8 x 3 wh 

\ ig. * « , o a | 4 
* +. - »; 6 L 1 ; 
| 1 — : WW % 2 . Y * — / * g 
. 4 * IN MO A 
1 OW EN 1 . | 2 8 
= 0 9 * — 3 + 41 4 — 4 — 
oy * 4 | — 
. N W \ * #* ; . 4 A — * - 5 * 
1 | |; . i l WW | a} 7 
* a i a _—_ : % * 1 1 5 * 25/6 ov 1 5 
» | * 1 d. 1 4 1 we, * my _ „ . 4 
1 f 4 4 's ws gs S 
4 * e .; : ©. 1 1 . - +4 * * * 
4 .* 5 1 \ 2% — — - > 
| 3 
1 * 1 ” + — ”m y 6 
1.4 K x | u 
\ 4 0 F | 
N * \ _ | ; 
: I» 
; . . 2 : 1 
* 7 * 3 o * 4 
/ \ 5 25 3 
. . \ SY \ | - ; | 7 5 2 
| . 1 \ : * 5 
. : 7 > * 3 A | l 
1 ws? = * * 4 gf x = 
| Wea \ q : ” . . 
; Woo : 172 3 
. : l £4 N 5 
IK: * 1 — * * 
. — — — . ——— —— *. as - - — - - . —— eb 8. 4 1 3 eee . ws * 5 
% s 
E „* — of 
+ 1 
\ I + 
- : 
. 
* 
: y - =_— = 
bl * 
N 1 
- - 
; * 
- . 
| of 
” * 2 1 . f 
* - N 45 C a 3 * 7 
1 : 7 0 p . * * 
* 7 : bs 
| d 2 
a * 7 4 * * x 
1 * 3 * 5 „ 8 | _ 
— ” * W 1 — 
* * 1 * 
9 5. 7 
— 
d - 
" 2 2 
> 
P 1 
* 
1 — 
1 - py % * 6 
- 
* 3 4 PEST as, ens -« , - — * * 
2 * 5 - "28 © ＋ N : 
4. — % 3 + N 


- 


8 


L 
— * 


Po 


I's 


* Bs wy ; E. p * r 
* * LY * . n 1 \ 20 26. 2 
2 FF ĩ˙· - a 8 EY A n * 
7 Nur 9 « * 4 1. wy l : l 8 
; Sed 9255 5 * 4 ei 8 1 * * . * — > \ CE, X q 
ones * | Pop Ser? > e Py Ap 25 Gf vat 1 * [5 * 0 Ms - . '# of : * W En 
a e 2 2 8 f 5 3 n * Me ova 25 5 4 
; 5 N r LY * * 4 6 3 2 o KT. r , * * 4 of. 1 . # | 
\ e 0 * 2 * 7 * * 8 ENS \ 1 2s * N Log: iy «5 „ aug inet who be n r ortho? 
ö 5 b \ ' \ C #3" 
N 2 1 « * N * © 5 5 5 
* 4 9 3 : * . N 
" N w . 


OP og: 


* { > * .» = 
3x Wa "TIP 5% . — 508 
- 5 3X * q 0 0 . 2 ; "ad 2 * 
„ r 
+ ww 4 ky, * 6 4 A 4 * 
1 a — 8 | „ . 
25 * n ; 3 
we al+7 . * 
+ 1 a» 79 * op * 1 
© hy "Ins * 3s ; ag 9 2 * * 4.7 wil 
9 3 nie a 
r 1 3 n 
4 / * * <a 4 * Mt — Rt ee v 
98 8 e 
£ ww 1% 37 2 a. e 
1 7 9 a 3 * * 4% 
* 42 I 
. * „ 4-8 
” 3 tg * p y 
+ 4 - 2 ve Fg 
44 _ 
{4 2 
2 i” ; 
4 » of - % 1 . 
3 25 
* A Y k $ 
8 2 25 
—_ 1 9 


” 


CHAP. 1. 'A'STRON OMY "67 
che horizon, and whenever the circle is turned ſo, that the plane of it continued v0. 
would paſs through a ſtar a, the graduated edge will repreſent a vertical 8 
drawn through that ſtar; let there be a ruler wich fights, moveable about che 
center of the eircle, turn 'the rule about, till you can ſee the ſtar througii the 
ſights, and the number of degrees intercepted between' the edge of the ruler 4 
and the horizontal line u ©; will ſhew che height of the far Dis ori- 
zon : thus; in'the' figure befote us the height of the ſtar a i sꝛ́ ht 
285 The zenith, which is the higheſt point in the heaven, is but go? 2. 
bove the horizon; we may therefore inftead of a whole cirele, males fit uf 
@'quadrant, having a ſmall thread witha plummet at the end of it, tõ meaſure 


the altitude of any ſtar, the ſun, moon, &c: a quadrant may be either furtiſhed 

with plain fights, which are two thin pieces of bab ie pierced througi with 

two very ſmall holes, and placed ſo, that a line a6 drawn through the centers of 

che two holes is parallel to the quadrants radius A B, fig.g7 of clit a releſtbptis 9 

fixed to the quadrant, in ſuch a manner, that ᷑ line drawn from the tentet Uf 

the eye- glaſs to the center of the object · glaſs is parallel to the radius; there 1 3 

are then uſually two fine hairs ſtretched over win glaſs, ſo as to' croſs each 

other at the center of it, by means whereof the releſcope i is directed mor c- 

eurately towards any object: thus, if 2 ſtar is to be viewed with theld Fc 

fights, in order to take its altitude, the quadrant muſt be held 10 that the 25 

of fererſoRion' of Ea lf Bag ny ene hg The limb or v e 

quadrant. f is divided imo gf, every degree into halves or quareers, a ad 

times, if the inſtrument be large enough to admit of it, into wines DE way 

of ufing it will cafily' be underſtood by what followeth. -' 9 n 

286 If when a ſtar i8'viewed: through the fights of a quadr bar ee he wr 

falls upon (o) in che limb of the quadrant, the ſtar has cicude;, by 

k in the horizon; fig. 9. ifthe t falts upon (99), 21 1 ap 

hg. 10: if a ſtar is in any intermediate place between che Zenith and, the'hori- 
von, when it is viewed throught the Sights of a quadrant, the thread will lye 

2 5 chat degree in che limb' which the ws its altitüde: chas, ®, e 1 11 

tude of the ſtar A ig in Uling the quadrant to © e ve the height 

care muſt be taken that the thread Juſt touches the limb öf th ; aadranr, F. 

to play freely without preffing upon it, and then the plane 4 gr 

Tee tha ies e ee e | 

er chat ſtat. WN * 5 ne, G Was N nn 
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FIG: ſee. fig. 12: 2+ if eeleſcopc fits are made uſe of, we may receive the ſuns 5 image 
12 through che teleſcope. upon a piece of white paper, held ſo chat his rays may 


fall perpendicular upon it, and form thereon a luminous circle, with the ſha- 
13. domus of the croſs hairs interſecting each other in the center of it; ſee fig. 13. 
288 If we would take the altitude of the ſun more accurately, it may be done 
by. tuo obſervers, raking at the ſame time, with different inſtruments, one, the 
„ of the upper edge, the other, the height of the lower edge of the ſuns 
e ey ght between theſe two is the height of his center: thus, 
ABCD, be the ſun, if the height of the upper edge à be 40*, the 
ght of the lower c 39? 30, the difference between them is 30, take half 
EE 15 from 40*, the height of the upper edge, or add it to 39? 39, the 
height of the lower edge, and you haye the height of the center G, 3945. 
- . 289 The ſuns altitude may alſo be taken accurately. by one obſerver, his ap- 
nx, diameter being given, after this manner; the height of the upper edge 
| = ſuns diſk being found by the quadrant, take from it half his diameter, 
te remainder is the height of his center: or the height of the lower cdge be- 
found, add thereto the ſuns ſemidiameter, the ſum of both is the altitude 
center. Wheneyer we look at the ſun, whether through plain fights or 
1e it is neceſſary to hold a piece of glaſs ſmoaked over a lamp or a 
cane before the eye, to prevent. its 1 7 injured by the glare of his beams. 
290 Somerinaes, chat! an inſtrument of a large radius may not be unweildy, 
4 ſextant, or a fixth part of a circle, and ſometimes, an gef aut, or cighth. part 
of a circle is made uſe of, inſtead of a quadrant. _ 
291 We may imagin as many circles as we. pleaſe to be drawn upon the 
ſphere of the heaven, parallel to the borizon;, theſe. are called almicantarabs; 
and 'grow leſs : and leſs, as they come nearer to either of the poles of the ho- 
rizon: in fig. 7, the horizon is repreſented by uo, the almicantarahs, by che 
lines E E, FF, GG, Sc, parallel to HO. 
"292 If we are to meaſure the apparent diſtance between any two points in the | 
ſphere of the beaven, we muſt imagin a great circle to be drawn through chem, 
and ens how many degrees, minutes, Scare contained in that arc of it which 
is intercepted between thoſe points; this great circle is called 4 circle of di- 


5 74 thus, i Lam to meaſure the diſtance between two ſtars x and v, fig. 7, 


I muſt find how man y degrees, minutes, &c are contained in the arc x v. 
e apparent diameter of the ſuns diſk is meaſured by a circle of diſtance 


14 drawn through the center of it: rhus, fig, 14, let 4B op be the ſuns diſk, EACF 


a' 1 great circle drawn tl chrough the center of it, the arc 4 C contain- 
pofite | points in the circumference of the diſk is the mea- 
FINS of e R oon- 


. ſhewn, after the dimenſion. of the earth has been treated of. 


| fenſible horizon 88, befo x deleribed, i $274, and. 
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rains, is the ſuns diameter ſaid to be: — the us any 210. 
be found by two obſervers, one of them taking the height of the upper, the o- 
ther, the height of the lower edge of his diſk; at the ſame time; the diffe- 
rence between the of theſe two is the ſuns diameter: thus, if the height 
of the upper edge a be obſerved 400, and che height of the lower edge c, 397 14 
30, the difference between theſe two, vis. 30, is the apparent diameter of 


the ſun: the ſeveral methods of meaſuring the apparent diameters of the hea- 


venly bodies, or the diſtance between any two points in the heaven, will be 
ſhewn more at large in the proper place, it is ſufcienc for wy preſent to 
know in general what is meant by meaſuring them. 

293 Sometimes the ſenſible, or rather viſible Beriscn is cone? -6nly 
with regard to ſuch/6bjeQs as are upon the earth, and may be thus defitied; 
the vifible horizon is a leſs circle upon the ſurface of the earth, comprehending 
all objects upon it, which are within our view: tbe higher the eye is, the farther 
is the vifible borizon extended: thus, fig. 1 5, let x hr R repreſent a part bf the 15 
ſpherical ſurface of the earth, if the eye be at A, draw Ah and Ar tangents of 
the globe of the earth imagin one o theſe ab, the point A continuing im- 
moveable, to be ar el round, all the while touching the ſurface of the earth, 


the point 5 will defctibe'the viſible horizon, 8 of E which is here : Giewn by 


the pointed curve 507 if the ey e be placed higher, as at B, the tangents BH 
and BR will reach farther off, on the viſible horizon will be larger, VIZ, NOR: 
what the extent of the viſible horizon is, and how. it may be founc will be 

294 The viſible horizon is moſt accurately obſerved upon c Ke as 18 
therefore ſometimes called the borizon of the ſea; it may be obſ ed, by laok- 
ing through the fights of a quadrant at the moſt diſtant part of of hes eie 
view; in Wai this obſervation, the viſual rays AD and Ax, fig x6 „ will, by 16 
reaſon of the ſpherical ſurface of the ſea, —.— point a little below che true 


conſequently below the 


rational horizon ; 0 is parallel to it, and goineident with it, $27 5: 
how much the depre 7 125 the horizon rudy the 221 below W 
ſeen by the 977 21 meaſure of the angle oc. It is obyi- 
ous, from fig. 15, 568 _ is, the greater is the depreſſion vf che 15 
horizon of the ſea; far the tangents x E and Ir point. lower, or are more de- 
preſt below the e ron Tr, than 1 the, tangents 4 c and A ty 
295 gt 445 the horizon of 99 17 variable e, ſo ag do be fometimes 
a little greater than though the height of the eye be the lame; 


in the ſeveral A ONE this difference i is but ſmall, amounting only to a 
a Obſervations ofrenemigue; faites par Caſini ox de endroits ds Rojaume, pag: 16. * 2 * 


70 ASTRONOMY © 200x 1, 


riG. few ſeconds, and is owing to the difference in the air, which, at different times, 
refracts the viſual rays more or leſs, according as it is of a greater or leſs den- 


A 16 ſity: in fig. 16, without refraction, the viſual ray is Ax, and E is the moſt di- 


ſtant point which could be ſeen; but by refraction, the ray r o, coming from 
the point 6 may. be bent at , ſo as to go on from thence in the line p A, and 
then the view is extended as far as 6, and the depreſſion of the horizon of the 
ſea is in the line Ar; which points higher than A x, but extends the view far. 
ther: a view of the figure is ſufficient to ſhew that if the refraction were great- 
er, the view would be extended ſtill farther, as to i; though the depreſſion 
of the horizon of the ſea would then be leſs; as is ſhewn by the line A L M: 
from hence it appears, that our viſible horizon is, by the different refraction 
of the air, ſometimes extended farther than at other times, | 
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CHAP. 2, THAT THE EARTH TURNS ROUND ITS AXIS, 


296 Tax ſphere of the fixt ſtars, together with all the heavenly bodies, 
which by reaſon of their diſtance ſeem to be placed therein, appears to re- 
volve round us in the ſpace of 24 hours; this is a fact, of the truth of which 
every body may be convinced, with a very little attention; if the ſun's place in 
the heaven be obſerved any day at noon, he will appear to go round in a cir- 
cle, and return to the ſame place the next day at noon; the ſame is obſerva- 
ble with regard to the ſtars, though they are not ſo generally taken notice of: 
obſerve the place of any ſtar at any hour of the night, look at it ſome hours 
after, and you will find it has changed its place; continue to obſerve it, and 
you will find that in 24 hours it deſcribes a circle in the ſphere of the hea- 
ven, and returns to its place wherein you firſt obſerved it to be: this apparent 
motion of the heavenly bodies is called the fta, and the diurnal motion, and 
can be accounted for, but one of theſe two ways, either they revolve round 
in the manner they appear to do, and our earth ſtands ſtill; or they ſtand till, 
and our carth revolves round, the contrary way to the apparent motion of the 
heaven: which of theſe opinions is moſt probable, will be conſidered in ano- 
ther place; it is enough at preſent to ſnew, that the ſenſes alone cannot de- 
termine the point, becauſe every thing will appear in the ſame manner to them, 
whether it be the earth or the heaven that moves: ſuppoſe a man were in a 
boat, in the middle of a large lake of water, the banks whercof were in ſome 
places covered with trees, and in other places with buildings; if his boat were, 
unknown to him, without any noiſe or ſhock, turned evenly round one way, 


- a Either becanſe this motion of the heavenly bodies is moſt obvious, and therefore firſt taken notice of; 
er becauſe it is ſuppoſed to p its tiſe to the motion of the primum mobile. 


4 


by 


et 


EY K 


OY 


a awd at 


nr 


N 


3 


r — 


LA 
WW a+. 
Bae 


Feta 5 * 


1 
Le K of 
_- = , / — 
2-4 wi,» * N re Oe —* oh 
6 = . — — * — 
. 1 ne 3 . 2 
ad. r e r n 
* 
i 
* 
* 
* 
, 4 
- * 
= * 
= 2 
or” = 
* 
4 m_ 2 — 1 
_— * " — 
* dug 4 
8 * + rn 
tl 
—— > — 
* 
. 2 * 
4 
* 
— 
5 
* 
— n 4 


Fe 7 
Een 
> 


* yay 
Fr br EE nes Bp. 


IE as 
* 
„ 
1 Ae 2.4 - 
— * 6 
„ 
- - >> 
—R—_—_ 
8 
ak, 
* = 
. wb 
ene 


. 

* 

I, 4 
1 

\ > „ * 
8 


* + 
ES 24.4 5 
— „ v% 
* 
* 
% 
— * 
* 
* * 
— 
5 
© 
- 
a a 
4 
. 
* * 
* 
9 — 
f \ 
* — * 
— g 
= Ly 1 
To . 
* 
F 
——_— 
LS «a 1 1 _ 
+ A ＋ 4 -- FP ers. 
= 3, 7 © ws e 
ws * > — _— 
— : 

* 232 4 
_ ——y * . 
— — ,, wa 6 

** * * + — 
- 
; ul — 
24D < o — 6 
= 3 2 * — 
— x. * RY 4 
®, Ago * - 
<< _ 7 — 2 * 
* 8 — * 
* 
* — w 
- 
* a” a 
OS = 
* of - ug S 
on n jo 
— 
* * 
8 , 
VR "= 4-4 
” — 
* * OR 8 
* * 


- 
* 
111 * 
= 
« 
F 
2 
* 
— 
15 
"= 
* * 
3 
3 
8 * 
2 
» — 


wt? * 
20 + + 
— 9 2 tm * 
3 4 
1 — At 
6 — 
— > _ + | 
* 1 
>4 * * 
* — 
» 
* * 
* 
. - 
0 
= Pw; — * 


— 3 


2 >. _—_— — 


* 


> 80 
9 . 
* 
= _— O_— E 
. 
. 
5 * 
” 
oy 
» 
* 2 
** * 
* 
N + 
: L &* % 
> 
" 
. o 
" \ 
\ 


L . p 


x x = > 2 
> * : p „ 447-7 4 
2 * 4 * 
— SS —— — he — 
II „ „ 
— vet — — — 3 
4 . ACS >a tt x * 
f KC 2 
58 paths 
tant |» „ 
* 0 2 * 
4 Se 
—_—— 
* 4 
* 
wes __ 
—_— 
— — 
L * < #6 
Ts +a. te Ro. 
JW —_—_— 
i 2 
> wipe X 
. . — 
« % PIR 
— = 
* 
* g 
« 


— ern. 225 . 


> 2 

TT ETEC 
* 
— 


_ — — 


- 


4 


„„ 4, 4 gr ee oo_ --2 -. 
CJ 
* * * 
* 
y * 
o 
- 
. Ka - 
LEY 
* 540 . " 
- 
4 
Y * 
gh. "I 
1 
- : : 
15 : 
> , 
, „ 
* 
| | 
8 $ 
. f 
- 
l } 
_ — ; A 1 
. g . 
: . 
. 18 
% 4 


I _——— - 


E. 


>the : 
nt 


- 
* 
= 


. 
* 
% 
= * 
* 
41 * 
* 
\ 
* 
* 
- 
= 
\S 
* 
* 
— 
\ 1 
= 
* 
"S# 7 
- * 
. 8 eg 
> 
+ 
"=" | 
: 
—— 
— YT * 
o 
. 
43) 1$%$ 


= 
*. 


2 a 
1 Y 
- 


* 


- was * 1— 44 2 CY y vr ; 1 e Te 
| ; „ I 6 N y y 2 —— 2 * , 
„ 1 £ Y 
4 * 2 ſ * FH 
o N 1 2 2 — * 2 / N * > % * * 
p | þ — 4 #4 45 — * PR 1 
5 - 4 : 1 5 * * ” ” 2 -_ » 2 a = © * * 83 * 2 T 
N wy 92 101 p. 0 * — - * {7 
. f — - E 3 3 = 1 2 — 
p | » o * {4 * yon 2 0 - v0 7 - ** 4 — «t-, 
: = * N Pa me „ £2 33 — * vp ? l 
by 4 2 Pa 4 5 4 * thaw 8 4 . * — / * 2 
oa _—_ , 2 mY 5 — 1 ">> ** | 
% — 1 ** ” 11 * * . * 4 -_ © = * 4 4 * * ww * * y tz Ow 
A ? * 4 # DP of ky *. Gs 25 ! 9 "+. N 
—— * "+ : 2 as ” F «a ” * 1 N 2 * 2 * — wy p 8 a * 8 f ö 
ud 4 4 * P 54 * ®, By * , | wt \ $ 1 * * * Ne — 5 * 0 7 y wW IS 4. — ' ; 
5 „ „ 0 5 0h 3 WP os it 25 2 * 
1 : * 1 P . : - . 4 * — — = t& ; a P 7 v7 x 85 — 
12 * 2 ” T1 Wy ' * 1 . 5 my 
* = * * * — 5 
| * py * ; $44 1 
— yy 6... 
15 4 


un even 
2 


* 
. "=o 
—— — 


P * 7 * 4 8 2 . 
2 ny] * 7 - % - * 2 P - wh -— — — © 

W 7 * = % A. : * % 

2 > Lt 4 Fl < . 2 4 F, 4 

* þ -z Sg 2 2 * E 4 ff 

” % — * - * % - . p V- £ ; F 4 1 4 

ET N — ” , 5 * — 

2 . 3 N 1 4 ' g 4 
* = I * Lore * 4 N ' 3 F F * þ 3 1 — * 
— * 8 1 » F y ny 


N 
: 


$6 1d XIE 24,” 


oo . n 
—̃ — p l 
: ; at / 5 
. 

0 * 


> 
* 
* 

—— — — we 


Fs 
= 
2. 
= s * 
* — 
x 
? + 
* 
- 
Es 
N. 
wt 
= 


2 
3 
4 
4 
. 
— 
* 
8 
\ 
* 
*. 
— 2 — 
* A 
* 
> 
: 
"nd 
: 
— 3£. wy 
1 
— — 


F - 
* * * « . . * 1 
* . as : * — ' 
A y I] 1 1 . N 
: 4 , 
hs —— 4 2 ? eo . ' 
LOS % * { ” : - A Ave £c . 
1 * 0 * 74 : , 
. - 4 . - . 8 1 82 \ 1 
: f 7 1 151 „ 4 * 1 — 32 % * 
* , * * 4 © % 4 t - 
y i 8 ”" heb, , »d t . ** 
* ” 4 = aA 
5 ; ; 9 . k 7 A . as 
* , % - 
, . , o 4 4 * 4 +. ol _ 
ic K * Ld , — . * * % . . 
\\* * 4% 4 *s % ww i 4 * * * - 
a #4 - 1 
9 * : * . — * 
- 
" 7 % % 4 " F V 
* - 1 1 — * 
1 1 * o 1 a. * - & 
* 4 TY 


o 
_ * F Ll who ,” - 
= « * 1 8 , 
f 1 — 
ok TO « 7 AM 
- 
* - 4 1 
he” * 
* 
* * 2 * 
* — 
6 = * 


_ > . . 
— 2 - * 
* — — * — — nd 
— — = 
— 
92 R 
of * "os : 
3 — 
" "x * ” 
LES * 
* 
. — 
- * . — 
4 0 
* 
.* * 
» 4 
s — r 
* = 2 > » * N 
: — 3 6 - - E % a fog te ENS j 
ts ö 2 I. . 4 233 0 
4 . 6 # 3 * — 34 ef * —_— 
wr * —— —— > * Wat : EN . 1 4 4 * 1 *. 5 
. 2 9 4— * > N py 5 Ti g s ra 23233 * - - 
a IP: * * 2 = 1 n 4 - - _ 7 e * 2 . 8 
of RB + * 2 hs 9 1 i . . - : * * 0 5 
> I» * t 1 
4 N T . 
. 


E 


* 


% 
: * 
1 
. 
g.% * 


E a9 
nba 


« 


es . 
. * 


+ 
1 


- 


„ 
o 
* 
4, 


SETS & 
1 


* 

* , 

$i# 4 4 4 * 
p hy | Fl ** 
aa: +7 l \ 


3 * 1 wy & us E 
nr 6 24-4". 3.5 % -4F ; 
ö 
1 4 * * 4 * Nr . * 
5 9 3 22 ON. * x: 
” * 5 


Js... * 2 


* | 
* of P - - L. 
. ”* hos 0 256.4 | i 
5 I 3 b * 1 a oy _ * Fa. Ao 723 a> Wl 7 1 FA 4 * L 3 my 3 , FR - t wy 4 + LY _”_— 
32 22 r * e. 3 e s _OP 4. + oe N 
1 mw» *: % 4 4 * 2 Wy os - : bor dealt bow "> 9 > "—- 4 4 L : 1 + Sul. 
r e — enn 2 'F . + na * a 1 WY 
3 1 , + 3 1 R 4 os d 1 
7 2 „ 4a * * 8 
# * +a : py — * a a , wa, * * rn 
; : — 


* n 
e , ; w& 44S v9 + % £ 1 "4 

, v5 . . 
„ 


eee ee 
2 


e 


„ * 
* 0. ET WA 5, 4 4 . * 4 
1 PF. e N % . 
LA Po e e eee 
wh” 24 
g 2 


2 


Y Wt. 


whe 15 - ra * 


1 


Led” 


en ar. 2. ASN RON E 1 
a diver underneath. it, or by ſprings and hee 
would appear to him to move. round 0 
iz. be.poſible for him, by. bis Enſes alone, to. 
rent motion of the trees-and buildings were orig f. otion f chem 
or of his boat: in like manner, if che earth, Which we - as always in 
the center of the ſphere of the heaven, has. . round its ax ach 
motion will cauſe to all. the inhabitants of. the carth,an apparent rev 1 
of . of che heaven, the, congrary, way, und che axis of, the, 
17:26 D at: SE 116/366 Ale 10. 907955 de 

ay — our which 1 have.choſen for the fronciſpiece.to; 10 e 
Qure of my gloſs ſpbere, on che ſurſace of which the figures of the c conſtellations, 
ſome of the principal ſtars, and ſuch circles of the ſphere as were necellary are 

engraved with a diamond; ſo that this glaſs. repreſents the ſphere of th hes: 
venz within, in the middle of it, phe «linegle 0 earth, fupperted 
by a ſtecl axis, the ends of v hich go thou ere In the places of the 
celeſtial poles; @ and 4 are,twa ſquare Reel; an unt, upon. either of which a 
lizcle winch may be put, to turn it round with ;.i.the winch be put upon che 
arbor a, and turned round che ſame way.the-key of 8 Wach is uſuglig turn 
d in order to wind it up, it will, by means of ſome wheel-work cocloſed 
in che braſs box c d, eatty cho little globe rund wichin che ſphere, che fade 
way we ſuppoſe our earth: to.revalye; if che winch: be put upon che arbat 
as it is drawn. in the cut, and turned round the centrary e 
the glaſs ſphere will go round the globe, the ſame, Wax that the, heaven. 
w-us to move. Thus, by this aachine, che real motion of,thÞ.car@Þin 
axis-within the harp the heaven, or the a „ he's 
tound the earth, may. a Nie wk gi, 
prjdie of ſenſe, and co hey chat che e 


| D 0 > 


| W 1 the earth 
cnfidered, ſeveral aftrowmical | ferms occur, which it 1s now: 
I ſhall firſt treat of thoſe, which more immediately reſpe't thezarth... 4 
298 The axis of the earth is + Hy pt line, paſſing through the, | 

of the carb, round, which. iry.revolutions/ are made: che pales of rhe {ar wad 
the two points in'the furiacertiercat; which terminare che axis; dg of theſe, | 
þ, fig..17, is called the morth pals,” the dither 5, the ſouth pole: the equate is a great 17 
F — ARE. 
z 


299 The meridian of atiy place is a pres circle upon the earth drawn 
ehrough rhe place, and rhrough the poles of the earth: the meridian of any 
place cuts tlie horizon at right angles, and mäatks pon the plane of it the north 
and dur points, and divides the "globe of the earth into two hemiſpheres, the 
"1 and the weſtern: thus, fig, 17, let the point 7 be London, the meridian 
Ednton'is Pj af eee che north point of the horizon is o, the 
ſouth point of it þ; all that part ne 
dae Katie in ape London, and All parts of the earth that 

2 in the a oppoſite to this, Which ig not here deſeribed, but may 
or may 8 Pr AN- N b e ee 
; 13 r D 31 Ke 01 .; „hte 

bees Ehe merit of is by the of the earch divides into 
e ae o 9 15 place iy 2 225 place whoſe meridian it 
is, the other paſſes through che point in the earth*which'is oppoſite ro that 
place: the meridian of any place, writers in g hy and aſtronomy, 
very oſt che ſemieirele which paſſes through the place: this therefore 
eee er geographical meridian: all places lying under this ſemicir- 
che be Rid t hate the ſame meridian; the ſemieirele. oppoſite to this is then 
17 called rbe-oppofite mividian,'or the oppofe part of tlie meridian: thus, fig. 17, 
2 ing ne at meridian of London, and alſo of all the parts of the 

Kkmicircle;' the oppoſite meridian to this is pogs. 

45 werkdian of any given by cha definition thereof in the two 
i fotos duese Hut to that place ſuppblng the place to keep its 
| firtation upon the eatth, and the pe * * their places alſo; 
5 S ries ny 15 

1 of the earth. og 

2304 When the geographical meridian of any place is by che baden of 
F midday in that placc: chus, 
1 in ng , if we ſuppoſe che ſun to be at 11 che * of 
Lend 5e br points at the'ſijh, fo that if the plane of that ſemicircle were 
_ extended ro the 25 it would paſs through his center; 15 ſuch à ſituation of 
the earth ag this, e —— e 
gt ple Bs, aun St 1 1 n 2 
| lune ot che meridian of any d'to be extend: 
| Neef ke rr unt len by 8 pho the plane 
i . any point 15 5 prepay moon, or a ſtar, 

| | to gomę to the meridian; — NNN nn 


| — AS TRONG wet BOOK T. 
poles; in fig. 1 the eqquator: by ſailors the equator is frequently called 
17 „ee e 5 165 
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tion, I would always be underſtood, when I uſe the common expreſſions, as 710 
L often ſhall do, nnen, Wen W IOINR 
ridian. 0165-400 i163 A 
304 Ti vetiowaſbeggond bie eg e e and W 
terms; ſo that a place may lye eaſt with regard to one place, and welt wih 
regard to another: thus, let id reproltny rhe gers ef G. earth, with 24 18 
geographical meridians drawn upon it, at equal diſtances from one another; let 
L gs, be the meridian of London, paſſing through London at L; ler x be 
Naples, p x bs is then the meridian'of Naples; let be Canaria, refs is the 
meridian of Canaria: it is evident, from a view of the figure and froniY299, 
that the meridian of London, is welt" from the meridian of Naples, and caſt 
from the meridian of Canaria. 
If we were to go round the earch upon the equator «0 eaſtward, we ſhould 8 
go according to the order of the letters ab cd &c from 4 to 5, from 5 to c, 18 
from c to d, &c: hee rotation of the earch being eaſtward is therefore aecord- | 
ing to the order of theletrers @þ©.def &e; and is the cauſe that che hegen and EN! 
beavenly bodies appear to mus the icontrary way from eaſt to 6ſt. 
The true eaſt and weſt points in any place are thoſe where the horizon of 
chat place is interſected by che equator: thus, fig. 19, let L be London, A3 19 
the equator, s E N part of the plane of the horizon of London; x is.the.caft = 
point for London ; and che point oppoſite to this in the horizon, Mhieh gan- 
not be ſeen in this figure, but may cafily be imagined, is the weſt point: in ſig 
20, I have given an oblique view of the horizon of London, ſimilar ip that in 20 
the preceding figure, only in this che picture of the globe of che cart 
mitted, chat the horizon may — IL 
they are called, caſt, weft, north and ſourh; which are here 
initiab letters, x, Wu te in a looſer and more general way of ſpeakiy 
call that half of the horizon, s x N, in — \ 
the eaft fide of the horizony beeauſt the ſun} moon, ſtars Fe; up 
this ſide a: in the ſame way of ſpeaking; we may dall the oc I 7775 
int (w) in che midde bt 32; br aeg 


tizon, s N, —— 
borizon; becauſe below this" venly bouibs 4 ——_— MOGY 
zo The time whichiipaſſes between the ino pf any 
place, and the non of the day following, ier ckts fare ptuce = 
12 thus, if when — is in the ms wn — 
London; the time that the carth. takes up in tug toung iz | 
SER CEE | 


to return into the { 


"a, U. The eaſt is, 401 2851 
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-* quator in a 


=. ASTRONOMY 1 


F16. tural dayat the natural day comprehends the day and night, and is divided 


into a4 hours, every hour into 60 minutes, every minute into 60 ſeconds, every 
ſecond into 60 third, Sc: minutes and ſeconds of time are expreſt by the ſame 
characbers as minutes and ſeconds of a degree 9 hours 56 minutes 44 ſe- 
conds are chu ſex dawn, Sh. 56. 44 
3306 Noon is the beginning of che natural day, and therefore all places 
4 which: lye under the ſame meridian, and have noon at the ſame time, have 
alſo eyery other hour of the natural day at the ſame time: thus, when it is one 
in the afternoon at London, is is alſo one in che afternoon at every place under 
the meridian of London; when it is. two at London, i it is two every where un- 
der che ſame eee it ĩs three at aer x en there; &c. 


* 
T 


— _ 


en AP. 3. THE LONGITUDE or PLACES: THE FIRST MERIDIAN, 


30 All places under the ſame meridian are ſaid to have the ſame longitude: 
aloe har lye under different meridians are ſaid to have different longitude: 
this difference of longitude may be eaſtward or weſtward: the difference of lon- 
gitude between any two places is the diſtance of their meridians, meaſured in 
© degrees; minutes, and ſeconds, upon the equator: thus, if the meridian of any 
places cuts che equator in a point which is diſtant 1 55 eaſt from the pain 

where the meridian of London cuts the equator, we ſay that place differs from 
London in longitude 15* eaſtward : if the meridian of any place cuts the e- 
int which is 30* diſtant weſtward from: the point where the 
meridian of ndon cuts the equator, that place differs from London in lon- 
18 girude 30 weſtward, &c: thus Naples marked with u, fig: 18, differs, in lon- 
gitade from London 156 caſtward; and Canaria, marked with G, differs from 
London 15” weſtward; Grand Cairo Nr pre bete rey ies e, dif- 

1233 eaſt ward. a 

116 309 I It is uſual for geographers Wen ende Wasa of rin e 
ble place for the fill meridian: and to reckon che differenee of longitude of any 
cthe place, by dhe diſtanoe of its meridian from che friſt meridian, meaſured 
upon the e qug cor eaſtward. The ancient Greek grographers b placed the firſt or 
idianin Hera or Junonia, one of the Fortunate iſlands, as they were 
aheacalled;this:is ſu ppoſed to be the iſland Teneriff, one of the Canaries, and was 
R he the arch then e che Arabian 8 
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ambitious of having the beginning of the longitude taken from them, choſe to 1G. 


fix the great meridian upon the utmoſt ſhore of the weſtern on: ſome later 


geographers made it to paſs through the iſland Corvo, one of the Acores, be- 
cauſe on that iſland the magnetic needle; at that dime, pointed direQtly north, 
without any variation; and it was not then known that the variation of the 
needle is it ſelf ſubject to variation, as has fince been difcovered: Bleau in his 
mapps and globe replaced the firſt meridian in Teneriff; and to aſcertain the 
place of it more exactly, made it to paſs through the middle of a mountain in 
that iſland famous for its great height, and called, from the ſmallneſs of its top, 
el pico®: it is now grown a cuſtom amongſt geographers, for every one to make 
the firſt meridian paſs through the principal city of that country to which he 
belongs; thus the Engliſh, in in their mapps and globes, make the firſt meridian 

to paſs through London; the Dutch theirs through Amſterdam; the French 
cheirs through Paris; and particularly through the royal obſervatory there? 1 
ſhall all along take the meridian of London for the firſt meridian; ieee 
has done in his globes, the moſt correct, I believe, that have yet been publi 

309 The longitude" of any place is the number of degrees; ah r 
conds, upon the equator, which can be reckoned eaſtward from the firſt re- 
ridian to the meridian of that place: thus, fig: 18, if we take the meridlat pf 19 
London v L g s for the firſt; and draw meridians through every rr | ofche's-" 
quator, beginning at that point of it a, through which the meridſan 
don paſſes, and go round eaſtward; we ſhall have the globe divided Au 
pears in che figure before-us; Which zs 4 pi icture of half of it, as mwuth 18 Ca 
be ſeen at one view: then 2 meridiat b Fart in the 
fn ng eee een ee ene . 
in 15 of longitude; all places under the meridian 30 are in o* of long 
tude; all places under the meridian 45s are in 45 of long ugs; Sc ſd chat 
the numeral figure placed upon che equator at the point here tath mexitlian' 
cuts the equator, ſhe ws the longitude of any place which lyes under chat me- 
ridian: thus fig. 18, M Naples is in +5 of longitude, Ful is in 307 pf Jon 
gitade, G Canaria is in 349 of longitude -. ang 

310 If we imagin 12 grest circles, one of which 105 aber e 
place, to interſect each other at the poles of the earth, and divide che 
mo 24 equal parts, theſe are the boer-circly of Qt plies cheſe circles ate? 

2 So called Hom the Goſhawks there : aper in ſpaniſh'is a Goſhawk. "| þ BY ice figriifies u blah be 

0 Theſe places, Naples, Cairo, and Canaris. which laſt is s ſmall iuand ts took in name from the large 
dow bred there, Canariam vnrari a muititudiac ranum jngentic magnitudings rb Plin. J. 6. 
gave the name to the reſt of the Canary iſlands, are i ear mn GE 
longirude from what is ere ſet down, 2s appears by + the table of the longitude and latitude of places; | N 
however, to ma e the exam2les the eaßet, ſyppoled the megidigns'drawa upon the 20/fgure hp See 
hour diſtant from one . though ſpeaking a they” do ugh, but only 
Nery ear them. K 2 tho 
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16. the poles divided into 24 ſemicircles; an arc of che equator contained between 


any twoof theſe hour ſemicirries which are neareſt to one another, is 155, for 15 
38a 240 part of 36005 by the rotation of the earth, the plane of every hour-ſc- 
 micircle points at the fun, an hour after'the ſemicircle which is next it towards 
the eaſt has pointed at the fun; and thus they ſucceſſively point at the ſun 
every hour, ſo that the planes of all the 24 hour-ſemicircles extended, paſs 
18 through the. ſun in a natural day: fig 18 is a picture of the e 
upon which the hour-ſemicircles of London are drawn, as many as can be ſeen 
at one view of the earth; let pgs be the meridian of London, imagin the fun to 
be in the place where your eye is when you look directly at the figure, the me- 
ridian of London then points at the ſun, ſo that it is noon at London; i _ 
earth. to revolve round, according to the order of the letters, abc def, and 
on will eaſily fee, that in one hours time, the next meridian v7 s will point at 
dhe lun, and then it will be one in the afternoon at London; in another hour, 
the meridian; pes vill point at the ſun, and then is will be two in the after⸗ 
non at London; &c, ſo that at the end of 24 hours, the earth will return into 
ee pg mill pointarnhe fun again; and mak: 
it non at. 01 n for the next day. MAID AEN TOS 
18 3; 1 From a view of the figure chus explained, we may 9 . me- 
idr aeg * caſt from London, comes to point at the ſun, one hour ſooner 
the meridian of London does; a meridian x bs, nem greridian 


LEES, 


Meri. e 155 — Londen aa ate eas eps tomato the 
SHR London does; and ſo agreeably;ro. chis proportion of 15 for an 
hour, the meridian of any place comes to point at the ſun, a longer or ſhorter 
time, ſooner. or later than the meridian of London does, according as that 
meridian is more. or. leſs diſtant from London, eaſtward or weſtward; for 
1 the difference of longitude between any two places is ſometimes 

in time, viz; hours. minutes, and feconds; inſtead of degrees, minutes, 

d ſeconds: thus, ſuppoſing the meridian of London che firſt meridian, ale 
E of any place i in time is the number of hours, minutes, and ſeconds, 
by. whigh.che meridian. of that place comes to che ſun, ſooner or later than the 
pas: thus, the meridian of Naples is diſtant from.the me- 
adon one hour, the meridian of Cairo two hours, eaſtward, the me- 

aue anacia is diſtant from the meridian of London one hour, weſtward. 
312 From the two preceding ſections it appears, that they whoſe meridian 
1 157, caſt from London have noon, and conſequently. every other hour of 
the natural day, an hout ſooner than chey have it at London; they whoſe me- 
S 135 © welt from ä 
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ral day an hour later than at London: the converſe of this is true, dat they 
who have noon and every hour of the natural day an hour ſooner than they 
have at London; have their meridian 15 eaſt from the meridiam of Bonden; 
as alſo that every place which” has noon and every other hour ol the day an 
hour later than London, differs from London in longirade 15 towards he 
weſt, and ſo on in che ſame proportion, trons Hon CANNES wee 
r Ht} 013 $29 HAV 2 HHOWTT | 16 4v7! 47 513 £13 

313 From henee it follows; nh y inflantancous ed r the 
desu ſeen at two! places Which lye under different meridians, rh difference 
of their longitude may be fbund, if the Hour of the day" be knen at each 
ce: thus, the beginning of a lunar eclipſe hem the mon firſt touches the 
of the earth, is an inſtanta ap „as is alſo the end of a 
lunar eelipſe, when the moon leaves the radow of the earth; theſe" 
ances are viſible to all the inhabitants of chat haff of che globe of tlie eirth 
which at chat time is turned towards che moon; ſuppoſe, that &Herf lunar e- 
eli pſe begins, I find it is exactly 12 at Fügt at London, and an obferver frotn 
Naples writes. me word, chat/in that place it was ons in che moffff 


the ſame eclipſe began; II may from 'thetice coricude; that che heh of 
Neplevis : . meridian of London e poten. Fl 
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314 Fhave'in 2 Dre ie 0 
poſe a whole hour Gffertribe in g Ee r 
minute of time anfwets o'r —— EEE 
15 of a degree, G; the difference 
ek bore ſecorids | 
elipſe of the moon, it 18 e Lone 
is f. FF. 5" in che mörfipg ur 
ftantinoph ple is "28% 5845 ö 
315 Thete is alle an | 
to b tioned in this platt 8 Whic 3s this; n man Le foi prob 2 
ward, he will reckon one day fort to habe paſſed during the time 5 — voidhe 
than they do who live atthi es heh Hence he ſet out; ahd be one day” 
warder in the week tian s e fither; fo'tharhe wil Wane = 
25 8 72 to be OG e ard to be wedneſday: &c. On the other 
hand, Fa man goes rou p BY carth, weffwar Nan 3 
day leſs to have paſſed, than they do W 15 — continued all the while at the 
place from whence oo wales * and be one day in the week _ than 


chey: 
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rio they; ſo chat it will be tueſday with him, when it is wedneſday with them; and 
monday with him, when it is tueſday with them: &, the reaſon of this will 
18 cafily. be ſeen, if we conſider the 18th figure as a picture of the globe of the 
earth, in the following manner; ſuppoſe a man begins: his tour from 1. Lon. 

don eaſtward; on a tueſday, when he is got to the meridian of Naples vhs, 15 

from the meridian of London, it will be noon with him one hour ſooner than 
with thoſe who live at London; when he is got to the meridian of Cairo, pis, 
39*-ealt ſtom the meridian of London, be will have noon two hours ſooner 
than chey at London; and ſo on in this proportion, every meridian he arrives 
at 4-5* further eaſt from London, it will be noon, that is, the beginning of the 
natural day with him, one hour more, ſooner than at London: ſo that when ho 
hag gone quitę round, and is returned to London again, he will have gone 360 
caſt. from; the meridian: of London, and it will be noon with him, 24 hours, 
or a whole. Fa ſoaps than to thoſe who ſtaid at London; that is, it will be 


* & %4 


 rucſdayinoon; with him, when it is bug monday. noon with them, &c. On the 
other band, if a man ſets out from London weſtward, when he comes to the 
| meridiapof Canariar /s, 15 weſt from che meridian of London, his noon will 
be an hour later than at London; hen he comes: to a meridian pes 30. welt 
. — — bee eee rwo hours later than 
es n again, 
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94 ö es is expreſt in time, as U | 
edyce 9 parts of the harr, 48 « 
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317 The firſt table explained; the firſt- column contaris hole wund 
1 to 24; the ſecond column has the number e med 
number of hours: thus, to 4 hours the correſponding number of degrees is 60 
to 9 hours 13 5 are equivalent: in the third clumm ate minutes, or ſeconds, 
or thirds of an hour, from 1 to 30; and in the fourth" column are the cones 
ſponding degrees, minutes, ſeconds, or thirds of a degree: here it is 5 be ob- 
ſerved, that if a number in the third column be underſtood' ro fign — 5g 
of an hour, the numbers on the ſame line in the fourth column figni 
and minutes; if a number in the third column fignifies ſo many > tine, 
the correſponding numbers in the fourth line ſignify minutes. and ſeconds of 
a degree; if the number in the third column fignifies thirds'of time; the num- | 
bers of the fourth column which anſwer to ir are ſo maß) Teconds, And third. 
of a degree: the fifth column is a continuation of the third; ren che 
and the ſixth column is a continuation of the fourth. N | 
Example; the difference in longitude berween the meridian of the 10. # 
ſervatory at Paris and that of Pekin in China is 7b 3% 6% If ir be 
ed what this difference is in parts of the equator, che anfwer is T1 16 bo 
which is thus found by the table; to 7ł in the firſt column, 108 anſwer in 
the ſecond; to 37m in the fifth column, the correſponding numbers in the Auth 


are 9* 15; if 6 ſeconds be found in the third cw the?! Parts of 
. fourth column are 1 30 add theſe together. 
99 9 en e he 

| | 28 CPR 0 $1 $246 LS 1 * 7 ett 
"Is f | 3h * 3 "SD. woe 30 e ih „ 
e a is 114 16 30. = TORE en 


* x8 The ſecond table explained; che firſt — containgi „minutes, 
and ſeconds of the equator, from 1 to 303 the numbers in clie ſecondohitne - 
expreſs the time correſponding to each number in the firſt cohutun, In hours; © * 1 1 
minutes, ſeconds, and'thirds: here it muſt he'obferved; char if che Bender in by 
the firſt column be underſtood to mean fo mant) degrees, che nue in the 
ſecond column on the fame line are hours, and bindtesz if the number in the 
firſt column be minutes of U degree, the numbers m the ſerond a minutes 
of an hour, and ſeconds; if che number ere A ee 5 
1 „ 1 age in the ent are ſe 
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710. © Example; the meridian of Siam is diſtant 98 30 caſt, from the meridian of 
the R. Obſervatory at Paris: if it be enquired how — this difference is in time, 
che anſwer will be 6> 34"; for to 900 in the fifth column, Gh anſwer in the 
fixth; to 8 in the firſt column, ob. 3am are ſet 'down as equivalent, in the 
ſcond column; and 0 Jed in the kal column, 2. correſpond in the ſecond; 
el adi and a, r. eee 34 „% 
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cn. 4. THE GENERAL. oon or DIALLING. 


Lin e place, as London, to be drawn 
upon the globe of the earth, and ſuppoſe this - 3. to be tranſparent, and to 
revolve round a real axis, which is opake, and caſts a ſhadow; whenever the 
plane of any hour- ſemicircle Points at the ſun, the ſhadow of the axis will fall 
Tg fg. 21, if the {ſemicircle pas points at the 
ſun, the ſhadow of the axis ps, will fall upon the ſemicircle pos. 
320 If we imagin any plane to paſs. through the center of this tranſparent 
3 the ſhadow. of -half the axis will always fall upon one fide or other of 
21 this interſecting plane; thus, fig. 21, let 4 n e n be the plane of the horizon 
of London; ſo long as the ſan is above the horizon, the ſhadow of the upper 
half of the axis pg will fall ſome where upon the upper fide of the plane ac: 
when the {un is below the horizon of London, then the ſhadow — 
half of the axis g falls upon the lowes Gde. of the plane A c p. 
321 When the plane of any hour- ſemicircle points at the ſun, the fhadow 
of the axis marks _ reſpective hour-line; upon the interſ g plane; zhe 
haur-line therefore is a line drawn from the center of the in plane to 
 . ahe point where the inter ſecting plane is cut by the ſemicircle oppoſite to the 
21 22 thus, fig, 2.1, let 48 on the horizon of London be the inter- 
ſecting plane ;-when the meridian of London 7 2s points at the ſun, as in the 
| before us, che Fado of the half axis xg falls upon the line 2», which 
. the center of the horizon, to B;, the point where the hori- 
gon is cht oppakite ſemicitcle vs; therefore gs i is the line for the 


of 1 4 255 2 
7 322 5 the fame n netho( the reſt of the hour. lines are found, by drawing 


for 5 5 our a line from the center of the interſecting plane, to that ſemi- 
21 circle which i is oppoſite to the hour-ſemicircle: the 2 1 figure ſhews the hour- 
lives draven upon the'plane of the horizon of London, ſo many as are neceſ- 
'fary, which are Bed hem "thoſe hours during which the ſun is above the hori- 
20on of London, the longeſt day in ſummer: the hobr-lines being thus found 
75 che * points of the N let the ſemicircles be taken 


away, 
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323 If inſtead of 12 hour-circles as above deſcribed.-we tles twice that 
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away, as the ſcaffolding is when the houſe nnen as in 110. 
fig. 22, will be an horizontal dial for London. 1 BB 


number, we may, by the points where the interſecting plane is cut by them, 
find the lines for every half hour; if we take four times the number of hour- 
circles, we may find the lines for every quarter of an hour, Sc. 

324 I have here taken the horizon for the interſecting plane, by 1 the 

method is ſeen of making an horizontal dial; if we take any other plane for 
the interſecting plane, and find the points where the hour- ſemicireles paſs 
through it, and draw lines from the center of the plane to thoſe points, we ſhall 
have the hour-lines for that plane: the 234 figure ſhews how the hour-lines are 23 
found upon a ſourh plane perpendicular to the horizon; and the 230 figure 24 
ſhews a ſouth dial with its hour-lines, without the ſemicircles by means where- 
of they are found. The gnomon of every ſundial repreſents the axis of the earth, and 
is therefore always placed parallel to it, whether” it be a wire, as in the figures 
before us, or the edge of a plate, as in the common braſs horizontal dials. 

325 If a little * globe with hour-ſemicircles and an axis be ſo 
placed upon the ſurface of the earth, that the axis is parallel to the axis of 
the earth, all things mentioned in the preceding ſections will be the ſüme in 
this globe as in the globe of the earth Rel, ſuppoſed tranſparent; ot as they 

would be in this little globe placed in the center of the earth: becauſe, 4 
274, the earth may be conſidered as a point, and conſequently in every ſuch 
little globe, the plane fe berg pere the thing A A ep, fig, 25 29 
be looked upon as coincident with it, and the axis þ x being in every 7 ch © 
globe parallel to ys, may be conſidered as coincident with it: for this reaſon, 

a dial placed upon the ſurface of the earth ſhews the hour as truly, &'f ir 5 
were placed at the center of the earth: in fig. 25, let the large dual in the 25. 
middle repreſent a dial made upon the plane of the rational hotizoh, let 'the 
little dials round this be pictures of dials made upon horizontal planes, placed . 
upon the ſurface of the earth; the ſun, by reaſon of his immenſe 

mines in the ſame manner upon all cheſe, all his rays which fall upon theſe - 
ſeveral dials are phyſically parallel, have the fame effect as if they were exact- 
ly parallel; and therefore, fince by the rotation of the earth the plane 4. 

of every one of theſe little dials is carried parallel to the plane of the horizon 
ABC D, they will ſhew the hours i in the fame manner as the large dial does, 

And thus much i 18 enough to ſhew the general grounds nd principles 
of dialling, which conſiſt in finding where. the ſhadow of a ſtrait wire Lane 
to the axis of the earth will fall upon a given lane, every, hour, ay 
hour, amm NIP, hour-licrls 


Jo 


rr e ee * 


— ASTRONOMY. Book 7. 
ric. there are ſeveral ways of finding the interſecting points of the hour- ſemicir- 


cles, for all ſorts of planes, either by calculation, or by mechanical operations, 


but chec are to be learned from thoſe wrizers who proſſſodly rrear rof dialling. 
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CHAP. 5. THE LATITUDE OF PLACES: THE ELEVATION OF THE POLE; 
THE, COMPLEMENT OF LATITUDE, OR HEIGHT OF THE EQUATOR, 


326 The, equator divides the globe of the earth into twoparts, the northern 


and ſouthern :/all places upon the earth lying under the equator, are ſaid to have 

no latitude; all other places upon the earth are ſaid to be in north or ſouth 

. latitude, according as they are ſituated on the north or ſouth fide of the e- 
: quator, towards the north or ſouth pole. "Y 

327 T he latitude of any place is its diſtance from the. equator, meaſured in 

17 degrees, minutes, and ſeconds, upon the meridian of that place; thus, fig. 1), let 

be London, þ the north pole, eg the equator, ples i is che meridian of London, 

the latitnde of London is the arc e e 51 373 London is then in 51 

of north latitude. 


328 The complement of latitude i in any place is the number of FLINT, mi- 


| nutes, and ſeconds which, added to the latitude, make up go": thus, the comple- 
ment of the latitude of London is 39 293 for 39 29 added to 51* 31 make 
90˙, T he complement of latitude ſhews the height of the equator, or the angle the 
17 plane of it makes with the plane of the horizon: thus, fig. 17, let / be Lon- 
don, the latitude of London! is the arc e/; the complement of latitude is the 
- ar 6h; which meaſures the height of the equator, or the angle eh contained 
dan che planes of the equator eg and the horizon of London 50. | 
329 The elevation of the Le (x in any place is the leaſt diſtance of that pole 
A the horizon, m degrees, minytes, and ſeconds, upon the meri- 
| 17 diap® of the place; <6, fig. 17, let / be London, p the north pole, h the ho- 
rizon of n the Flevation of the north Pole a abovg the horizon of London 


1 the h 4 

330 12 Uevation Y the pole, in a, ce 11 Py 1 the latitude of that 
17 Place; thus, fig 17, the arc elp.is lg el 298, and the arg /p oi 9055 by $274; 
| ahe fmt fi of theſe the arg p, and the remaining arcs be and po will be 
hi” 31 Hos Ba follows a wales TR of the eie Fo be of ſome remarkable 

| Places; the ſecond column ſhews the difference of their meridians from the me- 
ridian of London, in hours, minutes, and ſeconds; (=) ſhews the pla cę to lye 

eaſt, and (w,) weſt from London: the laſt column contains the latitude or 

ele ration of pole; all the Places h. here ket down, except the Cape of good 
hope) axe in nora latitude, 
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86 ASTRON OMV BOOK 1. 
Tables of the longitude and latitude of places are to be found in many 


books of geography; Ricciolus has a very large one, in his geographia reforma- 


ta; 1. 9. c. 4. Souciet has another, at Near. of his obſervations matbematiques, 
aſtronomigues,  &c, tirees des anciens liures Chinois, ou faites nouvellement aux 
Indes et a la Chine, par les peres de la C. de J. Lieutaud gives us one of four 


Pages, in the conoiſſance des temps: him I have chiefly followed in the forego- 


ing ſpecimen; in which thoſe longitudes or latitudes that are marked with a 
ſtar, are fuch as have been verified by the aſtronomical obſervations of ſome 
of the members of the Royal Academy of ſciences at Paris; thoſe marked with 
a croſs, are from the obſervations of other aſtronomers. 


332 A table of the longitude of places for one meridian being given, we may 


male a table for any other meridian, if the difference between thoſe meridians be 
alſo given: thus, in Lieutaud 's table, the longirudes are from the R. Obſerva- 
tory at Paris; thoſe in my ſpecimen were from thence computed for the me- 
| ridian of London, by the following method. I find in Lieutaud's table, that 
the meridian of London is diſtant from the meridian of the Royal Obſervato- 
ty at Paris, oh qm 41* in time, or 2* 25 15 in meaſure, weſtward: every 


place therefore that lyes eaſt from Paris, 2 ſo much further eaſt from London; 
and muſt have ob n 415, or 2* 25 15", added to its longitude from Paris, if we 


would have its longitude from London: on the other hand, every place that 
lyes welt from Paris, is on qm 4 15, or 2*25 15, leſs diſtant from London, weſt- 
ward; and muſt have ſo much taken from its longitude reckoned from the me- 


ridian of Paris, if we would have its longitude from the meridian of London: 


thus, the longitude of Rome from Paris is oh 41m 208 eaſtward; add to this, 
oh ga 4, and you have the longitude of Rome from London, oh 5 Im 1“ 


thus again, Mexico Is 106? O o weſt from Paris; take from that number of 


degrees, 2 25 15, and there remains 103* 34 45, the longitude of Mexico 
welt from London. 


333 Another uſe of the table is this, if the time of the day be given at one 


- Place, the time of the day at any other place, may be known, if the different longi- 
: tude of thoſe places be alſo given : thus, ſuppoſe it is now 2 in the afternoon at 
London, what is it o clock at n I ? I find by the table, that the meri- 
dian of Jeruſalem is 2h 21= 4 17 caſt, ſo long therefore it comes ſooner to the 
ſiun than the meridian of London, and conſequently ſo much more of the day 
s ſpent at Jeruſalem than at London: add then ah 2 15 4 1 to the time of the 
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en Ar. 6 ASTRONOMY „ 
if it be enquired what time of the night it will then be at Liifhon, the anſwer ri. 
is thus found; Liſbon is Oh 330 19 weſt from London cherefore: ſo much 
less of the natural day will be chen paſt there, than ar Londons egg 19 5 
from gh 4m 05, the time a; London, e ee $0420 is the time 
of the night at Liſpon. tate : 
Another example; when iris noon at Ipahan, what o cok nin Londdy? 
I find by the table, Iſpahan is 3Þ 31m 415 eaſt; ſo mueh further then is the day 
advanced there than at London: take 3 3 1m 4% from 12h om of chere re- 
mains the time of the day at London, 80 e e ee _— 5 
of theſe tables will be ſhewn, as occaſion offers itſelf. | 55 
334 The different longitude and latitude of different Mons cog the rand, 
js a proof that the earth is ſpherical: for that different meridians come ſucceſ- 
fively to point at the ſun, as has been deſcribed F 3.10, is a proof that the earth 
is round from caſt to weſt; and the different elevation of the pole in different | 
places under the ſame meridian, ſhews it to be round from north to o. 
335 We may imagin as many circles as we pleaſe to be draum upon the 
earth, parallel to the equator; theſe grow leſs and leſs as they are nearer to 
either of the poles of the earch; ſuch circles are called parallels, or parallels of 
latitude: all places having the ſame latitude lye under the ſame parallel; and | | 
converſely, all places under the ſame parallel have the edema 50s. 18, it 
theſe. parallels are expreſt by ſtrait lines, parallel to the * 
which x L is the parallel of London; vx the parallel Cad. 5 
| The otrmoncal ems which ri frm enfering th taint ofthe rat, 
ah relate more N 9 55 ru 1e p s : 
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>CHAP. 6. Tur CELESTIAL POLES, EQUATOR, PARALLELS CIROER_ | 
or DECLINATION: RECLINATION-OF THE zun, rann, 1 


, 336 Th pl i gon ſphere of the hee, heongh | - 
extended both ways PE g 
Toy OL 


Sarge Me * Word which 
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88 ASTRONOMY Bock 1. 


F16. hg. 17, is cheare v o: the height of the pole is of the ſame nuinber of degrecs, 
minutes, and ſeconds, whether we confider the terreſtrial or celeſtial pole: for, 
s being a ſtrait line, the angle ho muſt be equal to the angle pbeß and the 
arc P o to the arc po: $30, and 317. 

338 We may imagin the plane of the equator upon the earth to be extend- 

ad every way, till it reaches the ſtarry heaven, and to mark upon it the cele- 

Hial equator.” We may imagin as many circles as we pleaſe to be drawn in the 
Jþbere of the beaven, parallel to the celeftial equator; theſe parallels grow leſs 

26 and leſs; the nearer they are to the celeſtial poles; in fig. 26, eq is the equator 
upon the earth, and x the celeſtial equator ; the parallels to the celeſtial e- 
my are AB, CD, f o, &c. 

4,339 We may imagin as many. great circles as we pleaſe to be drawn upon 
the ſphere of the heaven, interſecting each other in the celeſtial poles; theſe 
will cut the equator at right angles, and are called circles of declination, and 

26 ſometimes, ſecondaries of the equator, g 282: in fig. 26, ſome. of the circles of 

declination are repreſented by the ſtrait line ys, and the curves PES, Pas, P bs, 
Pcs, &c, interſecting each other in the poles p and s. 

340 The declination of any point in the heaven, as the ſun, moon, a ſtar Sen is 

its diſtance from the celeſtial equator, in degrees, minutes, and ſeconds, meaſur- 

ad upon a circle of declination drawn through that point; declination is either 

26 north or ſouth: thus, fig. 26, E d. is the celeſtial equator, y the north pole, s the 
ſouth; the ſtar A is in north declination, ſo much as the arc Ak amounts to; 
in the ſame figure, the ſouth declination of the ſtar n is meaſured by the arc u. 

341 We may imagin any parallel upon the earth to have a correſponding 

27 parallel in the ſphere of the heaven; thus, fig. 27, abcd &c is the parallel of 

' London, and AB EY the correſponding parallel in the heaven: we may 
imagin any parallel in the ſphere of the heaven to have a correſponding parallel 
drawn-ypon- the-globe of the earth; thus, ABcDEFGH is a parallel in the 
heaven, the correſponding parallel to which upon the earth is abcd &c: cor- 
reſponding parallels are ſuch where the celeſtial parallel is the ſame number of 
degrees, minutes, and ſeconds diſtant from the celeſtial n the parallel 

N. nene 

3⁴² If we imagin a line to be drawn from the center of the earth through 
an place, till ir reaches the ſphere of the heaven, it will mark there the zenith 

27 ef has plies: thus, fig: 27, a line drawn from the center of the earth through 

London at a, marks the zenith of London A: by che rotation of the earth, the 
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CHAP. 7. AST RON-OMY 


rallel correſponding, tothe parallel of the place: thus, hg..27, A n of * 
London goes round in the celeſtial parallel ABCDEFGH, according to 825 
order of thoſe letters: the cauſe of this change of place in the — i, 
don is. this; by the rotation of the earth, London is carried round in, is pa- 
rallel abcd &c, according to the order of thoſe letters, and by that means comes 
ſucceſſively to be under different parts of the correſponding parallel ABCD dc; 
that is, London has for its a enith, ſucceſſively differenr points of that parallel: 

ſo that, when the place of London is at ay the zenith, or point over London 
will be A; when London is at &, the zenith will be B; when London is c mme 

in its parallel to e, the zenith will be c, c. By this motion of the zenith of Lon 
don round the parallel azc p Ge, from A10.B, from e 0 p. fm y ton, | | | 
o on, every point in that parallel will appear to come to the genlch of Lon. | 


» come ſucceſſively, one after another, according to the order of thaſt lers. 
o che zenith. of London: ſirſt che point A, then B, after that: e, then b. 
343 By che rotation of the earth from weſt to eaſt, every point in ii hea- bt 
yen, except the celeſtial poles, which are immoveable, appears \to-goiround, : - 
from caſt to weſt, either in the celeſtial equator, or ĩn a: circle; patallel to the 
celeſtial equator: thus; fig. 28; a point A, which is in the celeſtial equator; ap- 28 
pears to goround in it; according to che order of the letters An e points] | 


wund in a parallel drawait chat point, ſuch as is the circle απτõ⏑,VuE | 
according to the order of thoſe letters. The further any point in the heavens | 


s from the celeſtial equator, the:leG is the parallel deſcribed by it; thus, the 


$63 2777 G 3c:62id order An -; DI 117 to 9154q} any Liv babnuonagt rigs: 
bs gu ey *F — „ PUB HH OE are ei: x 3g one Na Bac 3 | 
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ally changes its ſituation in the heaven, ſo as to go round, in a ccleltial — 710. 


don, the comtrary omni chat is, the ſeveral. points A, B, 0, D, &y.Gc;\Willappear 55 | 


in the heaven which is hot in the teleſtial equator, will appear to be carried | 


3 ne the parallel prugt Jedi than tlie parallel TMN) NE 50 26 


e 2 A [ 835 


*. 


— 


98 AST RO NOMY +BOOK 1. 
r16. the celinka equator and'parallels, that they may be ſeen entire, are repreſent- 
30 ed by oblong ellipſes,” fuch as they would appear, if they were to be viewed 
32 obliquely, with the eye a little elevated above the plane of the equator, and at 
34 an infinite diſtante⸗; in theſe, and moſt of my other figures of this kind, in 
which the pictures of entire circles are given; ſuch as they would appear drawn 
upon a glaſs ſp here, and viewed obliquely, I have repreſented the concave 
ſemicirelesb; which are furtheſt from the eye, by pointed ſemiellipſes; and the 
_ convex ſemieireles © which are neareſt to the eye, by black ws rpg ; chat 
: they” thay "the more eaſily be diſtin iſhed from one another; 
As An inhabitant of the earth who lives at either of the poles, kd 
cCcCtcleſtial poles always in his zenith, the other in his nadir; he has alſd the equa- 
, __ - _ Bf colnciderit with his horizon: and therefore; all the celeſtial parallels, being 
29 piralleÞts the equator, are parallel to his horizon: ſueh a perſon i is __ to live 
30 ina Parallel fpbere, or to have 4 parallel borixon: fig. 29, 30: 
34% An inhabitant of the earth who ws wonder has bock 
che 88 celeſtial poles in his horizon, and is ſaid to live in a rgbt ſphere, or to have 
41 4 right borizon; becauſe the celeſtial equator E q. and all the ee aa, bb, 
| | 32 cc, and-#x,/y9, 22, cut his horizon un at right angles, fig. 3 1, 32. 
* _ 2447 An inhabitant of the earth whio lives-between either of the poles and 
: de the equator, is ſaid to live in r fberr, or to have an oblique horizon; 
becauſe the celeftial horizon obliquely ; and all the parallels in 
33 che ſphere of heaven, have their — oblique to the plane of his horizon, 
34 fig. 33, 34. In an oblique ſphere, ſome ot the parallels interſect the horizon at 
; ſome are entire above, ſome entite below: the horizon; and 
4 cheſe alſo are all ſo fituated, that their planes extended would interſect the 
1 7 plane of the horizon extended, at oblique angles: thus, let fig. 37 repreſent the 
E : earth ſurrounded with the ſphere of the heaven; let an inhabitant of the earth 
N - be placedin north Iatitude at i.; his horizon is us, which is inter ſected obli- 
| quel byſtbe equator x a, and by all the parallels between A R and H N, ſuch 
28 25 GG, 11, &c: the ee e eee as are alſo all 
parallels between AR and the north pole ch as 46, cc, dd: pep 
5 0 0 is entite below / the hotizon, Te ies the parallels bety 
h pole b; ſuch aß KK, yy, 22: if the Faw of theſe were by. 
4: Sheds Fu they afe repreſented in che figure before us, by the pointed lines; 
8 We _ the plane of the horizon exrended, at 4 angles. 
887 1 | 2 "Ip, The argelt parallel which appears entire above the orizon of any 
. „ rtl Mtithde, is by the ancient aſtrohomers « 27 the aric circle 
Seeber Within this Litele, twyeen it Wd the e a are compre- 
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hended all the ſtars which never ſet in that place, but are carried perpetually 
round-above the horizon, in circles parallel to the equatora. The laſgeſt pasal- 
lel which is hid entire below the horizon of any place in north latitude, is be 
antarctic circle of that place, according to the ancients: this circle compre- 
hends all the ſtars Inliich tievee nüt in that place, but are ee 
round below the horizon, in circles parallel to the equator. a 
349 Ina parallel bers, the equator may be confiderel ut b urge aul un. 
farctic cireleb; for, the equator beingcoincident wich the Horizon; all the pa 

on one fide of the . are entite above the horizob; and all tho penal 

bn the other fide of the equator are entire below the horizon: thus) nde an in- 
habirant under the 5 oe has theequator E C coincident with his hotizoti, 
fig. 29, all the north Parallels aa, b/c, are entite above his Hori i#0#h, and vit 29 
ble; — all the ſouth parallels'xx, y, & K, are entire below his horizon und 
mvifible to him: on the other hand, an inhabitant under the ſouth pole has 
all che ſouth parallels entire above his horizon, and all the north Parallels en- 


tire below it; as will appear from a view of the 200 figure: inverted} 7 1 


— 


350 In an oblique ſphere; the nearer any place is to ont of the poles; tholarger. . 
are the arctic and antarctic circles'in chat place, as deing nearer to the celeſtial | 
tquator, which is a greatcirelet thus, if a place o is in 307 of notthᷣ latitude, 
be. 35, che horizon df it is n A the arctic circle is Ax, the antarctic AN if a 35 


place Þ is in 80 of north latitude, fig 36; che horizon i n x} the mar waar, 36. 


An. the antarctie 14; both much greater than in the 3 5h figure: 


* 51 In a right Pbere, the arckic and antarctic oircles have no places beewul £6 


ho parallel appears appeats entire above the horizon, or is hid entire below) it: but 
Very parallel is divided into eq! parts by the — rlbaidbbidgs: 4 


Wh by tg 31, whetSthe equator retry el its 5 


e lane of the horton. © Sore modert geogruphers in heir 
maps and globes, by the arQtic and antarctic circles underſtund tod fixegirdes) 
frawn parall . at che diſtanoe of 257 30 from each of the poles; 
ſe hls re, properly" , polar circles; and will thoreafier' pe de- 
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N p< "ASTRONOMY. » * 1 A 
one. vague bin t ud 1g 18 ider 
Tun 8. ry DIFFERENCE IN Ann APPARENT DIURNAL MOTION or 
* I s AND OTHER HEAVENLY BODIES, IN THE SAME HORIZON; 
on IN eee Shows or TE HORIZON: THE TROPICS: 
Ks we ad 19:11) 22 ME EQUINOXES:'THE SOLSTICES, | 


-352. By thedefinirion of the horizon $278, it appears, that the plane of the 
horizon of every. place upon the earth is invariable, fo that it always cuts the 
ſurface of the earth in the ſame points; and this ſection of the globe of the earth 
is the circuraference. of. 2 2 great circle, from every point of which, the place 

| whoſe horizon it is, is 90 diſtant: ſo that by che rotation of the earth, the 

plane of every horizon is carried round along with the earth, and therefore 
| there will ariſe, fram the different poſition of the horizon in reſpect of the e- 
quator and its parallels, the following differences in the Parent motion of the 
ſphere: of the. heaven; and of the heavenly bodies. 

38 353 Toan inhabitant in a parallel * fig. 38, by che as of his ho- 
rizon ale defg going round according to the order of thoſe letters, the viſible 
| hemiſphere of the heaven and all the heavenly bodies which are therein will 
appear to go round the contrary way, according to the order of the letters 

22 amn above the horizon, in circles parallel to it: 5 343 and 345. 

35, In a right, and oblique! ſphere, the horizon of every place is carried 
und along with the earth in ſuch a manner, that the eaſt ſide of it is al- 
ways ſucceſſively ſinking below thoſe ſtars and other heavenly bodies which 
are in the eaſtern part of the heaven; by means whereof the ſtars, &c appear 
tao xiſe above it, on the eaſt ſide: and the weſt ſide of the horizon is conſtantly 

riſing above che ſtars, '&c, and covering them; by means whereof, the ſtars, 
Ee in che weſtern partaſahe hennes e * een belove the weſt fide 
of theihorizon; or to ſet. w 01 5 

35 And this riſing and ee EE trends bodies, i ina 

39 right ſphere, i is in circles which cut the horizon at right angles: thus, fig. 39 

40 and 40 are pictures of a right ſphere, à is the place of the inhabitant. ez eww 

the plane of his horizon extended to the heaven, and viewed obliquely, ee 
is the'eaft fide; and ] Ww the weſt did of the horizenz /, g. b, are ſtars in 
the eaſtern hemiſphere of the heaven, and i, /, n, ſtars in the weſtern hemi- 

39 ſphere: it is plain, that when the earth is in the ſituation repreſented in fig. 39, 

the ftarsf;'g, b, are below the horizon, and inviſible; and the ſtars i, I, m, are 
above the borizon, aud viſible: but when the earth, by the rotation round is 
axis Ns, according to the order of the letters 2 bc, is come into the ſituation 
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the ſtars f. g. b, thoſe ſtars willippeat to have riſen aboye tHe eaſt fide of the vic. 
horizon; ; and by the weſt fide of the horizon wWw riſing above the ſtars i, im, 40 
horizon. mme romeh- $1 bogs ese rn e 
izon 2 } 
356 In an oblique ſphere, the riſing and ſerilingiof e heavenly" bodies is 
in circles which cut the horizon at oblique angles: the 4 and 42 figures are 43 
pictures of an oblique ſphere, in which, let MER repteſetit the ſphere of che 4 
heaven, 1. pct the globe of the earth, let che point L be London; whereof 2 is the 
zenith, and x the nadir; let n ox be the plane of the horizon of London}; if the 
earth be imagined to turn round upon its two poles and $ according to the 
order of the letters a bed, ſo that the point a upon the earth moves inte the pee 
of the point 5, and the point & moves into the place of c, the appearances pr. 
duced by this rotation of the earth will be the ſame a8 they would be, if the 1 
ſphere j 2 Rx turned rd upon the poles thereof V and s, the contiary way, 
according to ————— «h0/* : to be wore particular, if the catths 
rotation be ſuch, that from the ſituation repreſented fig. 4 l, it cortices into the 4 
fituarion in fig. 42; it is evident, that by the ſinking of 855 eaſt ide of the ho- 42 
tiron # ox obliquely below the ſtar r, the ſtar v will appear to riſe obliquely | 
above the caſt fide of the horizon n o &; as alſo that, by the riſing of the weft 
ble of che horizon H R obliquely above the ſtar d, and covering it, thie ſtar 6 
will appear to ſer, or ſink obliquely below the vreſt fide of the horizon? WHat 
3 here ſaid, to explain the ring and ſetting of rhe ſtars, is applicable to che iſ. | 
. or any of the heavenly bodies, and explains their riſing and ſetting alſo. 
357 The ſun, ſeen from our earth, appears in a different paint of the Bea- | 
. every day of the year: if the ſun be obſerved only for a few days toge— 
#her at a time, this charige of place is hardly diſcbverable, exceptby nice aſtro— 
homical obſervations; and therefore, when we are conſidering the funs place, | 
only in order to explain his diurnal motion round the earth his riſing ad: | 
letting, and caufing che viciffitude of night and/day, we may look upon hit | 
as continwing in the fannie point of the heaven, during the time | bf oneoritwo. / 
natural days: the chatige of die ſatis place in the heaven whoweyer, In: Wl 
tonftderable number of da ys, very obvious to | body 1 it is from hence, | 


that he appears to riſe ad Ge different parts of the horizon, EE 


e 


times of the year; from hence it ae oj: ervae $075 
in furamer than in winter ; in a word, it is to the he 
the heaven, that we. o "the difference we find ff the agg . 72 
nights, and in the ſeafqns of the year: The year is the time in which the Ls 1 | 
through the ſeveral changes of his place in the ſphete af the hedven, and re- | 
In GEM the cis ofthe ln us change 
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rid. his place is teally che motion of the earth round the ſun, whereby we change 
our place, and vie him from different ſtations; and conſequently, at different 
times af the year, ſechim in different parts of the heaven: this annual motion 
of the earth round the ſun will be more fully explained in the next book; it is 
ſufficient for our preſent purpoſe to obſerve, that the ſun, by this motion of the 
c earth, appears ſometimes in the equator, ſometimes north, and ſometimes ſouth 
of tho equator, and to conſider the difference of the ſuns apparent diurnal mo- 
tion ariſing from ee in the ſame PAIZO, BE incliffevenc poſitions of 
the horizon. 

338 When, the ſuns Ä 3s in che celeſtial, equator,,. [his apparent ann 
motion is in the celeſtial equator. it ſelf; when the ſuns place is in any other 
point of the heaven, his diurnal motion is in a er r dea nee chat 

28 point: 8343 fig. 28. 1 hes oo Y 
359 Twice 2-year che 3 3 — 3 

n is in equator; all tho reſt, of the year he is either in north 
_ declination, and then his apparent diurnal motion is in a north parallel; or in 

ſouth declination, and then his apparent diurnal motion is in a ſouth parallel. 

% the loth of March, the ſun is in the e- 
2 from that time, he appears every day to decline more and more towards 
north, and deſcribes a parallel every day more northward than the parallel 
ofthe cling dy —— about the x 3th, of June; then he is in 
narthern „ and his diurnal motion is in the moſt nor- 
them paar rp ſphere. of the heaven. which he ever appears i in: from this 
time, his declination grows leſs and leſs, and his diurnal motion is in a parallel 
naarer eycry day to the equator than the parallel of the preceding day, till he 
comes to be in the equator, again, about the 1a of September; from that 
time, he declines more and more ſouth, till he comes to his utmoſt ſouthern 
declinatian; there he deſcribes the moſt ſouthern parallel he ever appears in, a- 
bout the 11% of December; from. that Na his declination. grows leſs and 
3 E diurnal motion is in a paraſiel ae ee to the 
©" equa uaror, ell he arrives at the e 755 again, the hg — 

15 he maſt northern an chern 8 K 4 ſun ever 4 are 
ed be ien from a e wor 2 Uheh fignifies turning; becauſe in 
bros rwo parallels the 75 is in his utmaſt declination, and from thence be- 
ins to turn Tack fowar the equator again. The, natthern tropic is called 

the tropic of Canger..; and tbe} ummer tropic; becauſe i it paſſes through that part 
of che heaven 9 7 calle the ſign or the rab; and when the ſun 
appears & therein, the ſummer * begins, to thoſe who live in north latitude. The 
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ſouthern tropic is called the tropic of Capricorn, and the winter tropicy becauſt FIG. | 
it paſſes through a part of che heaven kick is called the ſign Capricorn; 


and when the ſun appears therein, winter begins, to thoſe in north latitude: in 43 


fig 43, 44, 45, dis the equator, TT, the ſummer, ww the winter tropic“ 7 


361 The time the ſun is above the horizon of any place is called 4 arr i 
cial day; the time the ſun is below the horizon of any place it is night in that 
place. By the day is ſometimes meant tlie natural, and ſometimes'the artificial 
day; but this will not occaſion any ambiguity in che expreſſion, 1 che author 
be tolerably careful, and the reader any thing attenti ve. 
362 In-a right and oblique ſphere; by the finking of che eaſt ids'8f the _ 
rizon below the ſun; the ſun appears to riſe above the eaſt ſide of the horizon 
and by the rifing of the weſt fide of the horizon above the ſun/the fun ap | 
to ſer below the welt fide of the horizon: in a right ſphere, this riſing and 
ſerting of the ſun is in circles that make right angles with the horiz6ny Fr 
oblique ſphere, the ſun riſes and ſets obliquely: all this iv'cafily underſtood” 
from what has been ſaid of the riſing and ſetting of the ſtars, 5 5% 486 J 
363 In a parallel ſphere, an inhabitant under the north pole has the ſun a- 
bove his horizon, and it is conſequently perpetual day with him, all the time 
the ſun is in north declination; that is, for fix months — from che 
lot of March to the 12th of September, $ 3593 but the fun iu b His ho-. 
rizon, and it is night with him, all the time the ſun is in Goc Gechiden, 
chat is, for fix months together, from the 120 of September to the 10 of 
March, 5 3 50. On the other hand, it is day with an inhabitant under the fourth 
pole, for fix months together, all the time the ſun is in (6th 1840 and 
night, fix months togerher, all the time tlie ſun is in north dec 43 
364 When one part of the circle in which the ſun appeats to go u ee 
earth, in his diurnal motion, is above, and the other below the hort 
2982 lace, that part of the circle which is aboye hs fri n 15 Shell fone 
arc; becauſe WlVthe time rhe Rt a (therein, it is day in that place; 
chat part of the circle which'is below the horizon, is he > ſuns n 
and whilſt the fun is moying therein, 5 night” it ef F place: fig. 
365 1 10 ere, ſince the equator" and at "aj 
rwo equal parts horizon, $ BY "che Gurnal are Is equal to e Hoctur- 
nal, every day oy inthe yur: under line cherefore,” there is perpettul ein, ö 
that is, the days ind 5 $ are equal, thr oughdii the year; every day be - 
e lng and ity gh of th avs ng, Se 8. 
366 Every que ſphere has the day equa tua 7 8 
the ſun is in Rom RE: 8 5 1005 of ah and hs 12th of Speer: 
for this reaſon, thoſe two ſeaſons are called rhe equrnoxes ; and the equator; I 


ee ene lte in two qual pr by the horizon, u —— 
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1 . or the equinoctial: the 10th of March is called the wernal, 


the 1a of September the autumial equinox; becauſe one of theſe is the begin- 
ning of the ſpring, che other of the autumn: this, time of ſpring and autumn 
- 4s with regard to thoſe who live in north latitude; as for thoſe who live in 
ſquth latitude, their ſpring begins in September, and their autumn in March: 
but it may be obſerved hete, once for all, that all the aſtronomical books we 
have were written by authors who lived on the north ſide of che equator, 
2 had the north pole elevated above their horizon; and therefore many terms 
and expreſſions uſed in aſtronomy, are ſuch as are proper for perſons in that 
ſituation: chus we call it the vernal equinox when our ſpring begins; we look 
upon the north as the upper part of the heaven; and call any motion in the 
heaven, from ſouth to north, aſcending; and from north to ſouth, deſcending. 

367 At all other times of the year when the ſun is not in the equator, the 
days are not of the ſame length with the nights, in an oblique ſphere; becauſe 
every parallel which is interſected by the plane of the ed by it 


45 eee. See fig. 4 


45. 
_ 368. Every place in north latitude Lo oder omreghnn che niche, all the 
time the fun is in north declination; and the day is longer, the greater that de- 
11 ion ks and che longeſt day is when the fun is in the tropic of Cancer: 
the. reaſon. is. evidently this; fig. 4 5, the * | i a all divided unequal- 
ly by.che- horizon, in ſuch. a manner, tha the diurnal arc in every parallel 
excceds the nocturnal: PA to any parallel is, the more unequal- 
ly is it divided; and the more does the diurnal exceed the nocturnal arc; and 
therefore, the tropic of Cancer being the furtheſt north of any of the parallels 
. which the ſun ever appears to deſcribe, his diurnal arc does then moſt exceed 
* his nocturnal arc when he artes ane 82d conſequently chen is the longeſt 
day and che ſhorteſt night. | 
369 Every place. in north laticade has the night longer than the day, all 
the time the ſun is in ſouth declination; and the day is the ſhorter and the night 
the longer, ths eee ee 1s; and the ſhorteſt day 
' and loogeſt night is hen the ſun is in the tropic of Capricorn: the reaſon of 
alſo cafily ſcen by fig. 4.5, by which ir a that all che ſouth parallels 
qually divided by the horizon, in ſuch a manner, chat the diurnal arc 
in every.one of them is leſs than che nocturnal: and the further ſouth any pa- 
rallel 3 3s, the more unequally is it divided, and the more does the nocturnal arc 
2 the diurnal: the tropic of Capricorn 1 4 0 being the furtheſt ſouth 
parallels the ſun ever deſcrib s, tf the nocturnal arc does then moſt 

ph he rn, ro hen ll be the thortt 
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37o When the ſun is near the celeſtial equator; his declination aſters ſo 10. 
faſt, that in two or three days time it is caſy to obſerve a change therein when 
he is near either of the tropics, his declination changes ſo ſlowly, that no ſen- 
fible difference in it can be perceived for ſeveral. days together: if all che pa- 
rallels of the ſuns apparent diurnal motion for every day of the yrar were to 
be drawn upon the ſphere of the heaven, — would be moſt diſtant 
from one another which are neareſt to the equator; from the equator towards 
each of the tropics the parallels would be cloſer and cloſer, till very near the 
tropics; and there the diſtance between them would be inſenſible; io that the, | 
ſon; when near either of the tropics, ſeems in his diurnal motion to be garried 
round the earth in the ſame parallel for ſeveral days together: the cauſe of his 
changing his declination in ſo different a manner, at different times of the year, 
will de ſhewn in the ſecond book, when the poſition of the ecliptic comes to 
be treated of, it is ſufficient at preſent to lay down the fact: in ſig / 48. e 
45 the parallels of the ſuns diurnal motion are drawn at their 
for every ten days of the year: a greater number of parallels — — 
ieee lite confuſed, d delt ar enough to fen the incqualig ef dein 
diſtances. from one another * 
371 . ̃ the-trojigtingy culled ahn . 
folftices; becauſe at thoſe times the ſun ſeems to be at a ſtand, with regard to „ 
his deelination; neither going further from the equator, nor coming nearer to 
it, for ſeveral days following: near the elne, 1 /antont, * near 
the 12* of December is the winter folftice. > a by Feats 
372 The faſter the ſuns declination changes, the greater. difference will 
there be between the diurnal parallels of any two days immediately folawing 
ene another; and conſequently the greater inereaſe or deoreaſe will there bein 
1 — — r ie 
faſteſt near —— > 


— of Which — ——.— the tropic I E 
of Capricorn, the ſtrait lines between the tropics are the ſuns diurnal pagallels, +5 | 
ode for every ten days, Which. ha appears to deſeribe going from theiequator - 
towards each tropic, and coming from the-tropic towards the equates again; 
thus, about the 10th of Marab he, dr ſer ibes the equates. k Nr he next day he 
goes a little into norclleelitaxiqn;iand — — 

gui bramaliz, . E eee 
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ten xen ee [che day following he goes a little further into north 


declination; and his apparent diurnal motion is in a parallel further north; and 
thus he continues going every day further into north declination, and deſcribes 


in his diurnal motion & parallel every day further north than that of the pre- 
ceding day, but though the ſun continues all the time inereaſing in north decli- 
nation; yer is this increaſe every day leſs and leis, as he goes further from the e- 


quatorꝭ til he comes to his utmoſt north declination, then he deſcribes the tropic 


* 
CW 
io 


6+ 


6f Canrer rr, about the 12> of December; from that time, his declination de- 


ercaſey every day, in ſuch a manner, that he deſcribes the ſame diurnal paral- 


lels over again in an inverted: order, as he goes backwards towards the equator, 
at icht he arrives about the lat of September; then he goes into ſouth de- 
clination, more and more every day, and deſtribes every day a parallel more 
touch thun the 'parallel of the preceding day, till he comes to his urmoſt ſouth 


declinstion; above che 120 of December; then he deſcribes the tropic of Ca- 


pricorfiww; and from that time his declination decreaſes, and he deſcribes eve- 
y day A parallel nearer to the equator than the of che preceding day, 
till a ou to deſcribe the equator again, about the 11 of March following, 
374 It has already been obſerved, * 
cher of the poles; che nearer to the celeſtial equator will the arctic and antarctic 


46 circles be: Ha place A in north latitude, fig. 46, be ſo near the north pole, that 


the northern tropic I is the arctic circle; when the ſun is in that tropic, 
he will be carried round therein above the horizon, and make it continual day 
in that place for 24 hours, & 348: and when the ſun is in the ſouthern tropic 
#M; which is alſo the antarctic circle in that place, he will be carried round 
below che horizon; and make it continual night, for 24 hours: 5 348. 


46 37% A parallel ay drawn through a place A, whoſe longeſt day is 24 hours, 


is called e polar circle > a parallel drawn in the heaven correſponding to this 
cel is the polar cirele in the ſphere of the heaven the polar eirele is ei- 
cher north or ſouth: the north polar cercle is dran upon the earth throu 
choſe places in north latitude which have theit longeſt day 24 hours, and 
notthern tropic for their arctic rr and che ſouthern for their antarctic: 


et pain eile paſſes through. thoſe parry of. the earth in ſouth latirude 


When kate cheir longeſt day 24 hours: the polar circles are at the ſame di- 


ane fon the) poles as che tropies are from the equator; namely, 23" 30. 


47 Il place. 5, fig. 4, is ſtill further north than A was ſuppoſed to be 


in the foregoing ſection, ſo as to be within the polar circle, the arctic circle 
Al and the entarQic u Will be nearer to the equaror-than the tropics are; and 
will eck of them-compfehend more of theiparallels'of the ſuns. diurnal mo- 


tion, beſides the W —: $0.4 ſo far in north 
a $ 341. 


declination 
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declination as to be within the arctic circle, he will be carried round above 
the horizon of that place, F 348, and it will be continual day there; and all the 
time the ſun is ſo far in ſouth declination as to be within the antarctic cir- 
cle, he will be carried round below the horizon, $ 348, a and it will be conti- 
nual night. ; 

377 From what has been ſaid of the ſun's apparent motion in places fituated 
in north latitude, in the three ſections immediately preceding, it is eaſy to un- 
derſtand, that a place in ſouth latitude, whoſe antarctie circle is the ſouthern 
tropic, will have 24 hours continual day, when the ſun is in that tropic; a 
place within the ſouth polar circle will have continual day all the time the 
ſun is within the antarctic circle, and continual "ow all the OI is with- 

in the arctic circle of that place: n 
378 I have hitherto, in conſidering the appearances of the ee eee 
had no regard to refraction, by which all the rays that come from them, as 
they enter our air and paſs through it to our eyes, are refracted or bent, 5. 2 13: 
the nature of refraction will be ſhewn more at large, when the atmoſphere which 
ſurrounds our earth comes to be treated of; it is ſufficient for the preſent to 
obſerve, that thereby all the heavenly bodies are made to appear higher than 
they really are; and that the nearer they are to the horizon, the greater is the 
refraction: the ſun therefore is, by means of refraction, made to appear longer 


above the horizon than he really is, and, by that means, the artificial 82 is 


longer in —_ ap, e N it _ be without nnn 
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379 The aneiongs; — Ski th derer in an ſet· 
ting of the heavenly bodies, eſpecially of the ſun, and, in conſequenoe there- 
of, the difference in the length of the days and nights in different places, acr 


cording as they are more or leſs diſtant from the equator, divided the earth, 


ſo much of it as was then known to them; into climates: and, inſtead of the 
method now in uſe of ſetting down the latitude of places in degrees and mi- 
nutes, they contented themſelves with ſaying in what climate the placs un- 
der conſideration was fitua ted; and when they had a mind to be more exaQ, 
they would tell us Ae was in che beginning, the middle, or need N 
a elimateQ.. b iat | 

380 A the is a — upon * luden a this corch.contlined, ee 
two parallels, ſo far diſtant from each other, chat the longeſt day in que dif- 
Sec an * ; the word climate 


N 2 4 115 is 
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| todietbattninagrak word that ſignifies to bend or incline, the difference 
of climates ariſes from the different inclination or obliquiry of the ſphere a: 
the ancients took the parallel wherein the length of the longeſt day is twelve 
hours and three quarters for the beginning of the firft climate: as for thoſe 
parts which are nearer to the equator than that parallel, they were not ac- 
counted to be in any climate; either becauſe they may in a looſe and general 
ſenſe be confidered as being in a right ſphere, though, ſtrictly ſpeaking, only 
the parts directly under the equator are ſo; or becauſe they were thought to 
be uninhabirbl, by reaſon of the heat, and were beſides unknown. 
391 Climates are either on the north or ſouth fide of the equator: the num- 
r y received is ſeven; to which the 
like number of ſouthern climates correſpond: the names of the northern cli- 
mates were not generally taken from the order in which they follow one an- 
other; but each climate was denominated from ſome remarkable place which 
runden in the middle of it: . 


bs: 5 Rome: e es eee eee ö 
6 The Boryſthenes; that is, through the mouth of that river. 
9 7 The Riphean mountains. 


ets ah beings very ads hows; the ſouthern 
Pn from the northern ones to which they did in 
tuch a manner correſpond, that they were as far diſtant from the equator 
bs IT PU TIRE yr — remain oF 
aer ce Ao Te, 1 Mero. 
MBA U e Syene. 


3 Alexandria. e te 
Seeed th nk. 4 Rhodes. . 
e e 2 N — Helleſpont. 
n e e e d wh. The Riphean mountains. | 
a2 Borie Saw nai „e 32: &f, Gellins Bid. 24. £.-1- ab 
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382 A parallel is aid to paſs through the middle of & climate when the lon- 210. 


veſt day in that parallel differs a quarter of an hour from the longeſt day in 
either of the extream parallels that bound the climate: this parallel does not 


divide the climate into 2 equal parts, but the part neareſt to the equator is 
larger than the other; becauſe the farther we go from the equator the leſs in- 


creaſe of latitude will be ſufficient to increaſe the length of the 
a quarter of an hour: in the middle parallel of the firſt climate the longeſt 
day is 13 hours: in the middle of the ſecond climate 13 hours and an halfr 


in the middle of the third 14 hours, &c. In fig. 48, ler 4 B be the equatbr, NF 48 


a north parallel where the longeſt day is 12 hours and 1, Da parallel where 
the longeſt day is 13 hours, n2 a parallel where the longeſt day is 33 hourt 
and i; the parallel x 1 is the beginning, c Þ is the middle of che firſt northern 
climate: x 2 is the end of the firſt and the beginning of the ſecond climate: and 
all the ſpace between the parallels x 1 and x2 is ſaid to be in the firſt northern 
climate: the parallels xa and v contain che ſecond northern climate aud che 
parallel x y is in the middle thereof, &c: if we take parallels at the lila diſtan- 
ces, on the ſouth of the equator, we ſhall have the ſouthern climates; thus, the 
parallels s 1 and s 2 contain the firſt ſouthern climate ; the parallel a and 83 
contain the ſecond, &c. in like manner, ey nid arr. 
of the firſt ſouthern climate; ef through the middle of the ſecond, c 

1 We may obſerve that every climate has three parallels which 20 

the beginning, the middle, and end of it: and that the parallel which marks 
the end of every preceding climate is the beginning of that which igimmedi- 
ately ſu t: ſome of the ancients, divide the earth by theſe; parallels, 
and ſometimes by a parallel do not mean a meer linear circle but a ſpace'of - 
ſome breadth; in which ſenſe @ parallel is the ſame as half a climate and 
ſhews the difference of a of an hour in the length of the longeſt day. 

384 Some of the moderns reckon e 
half an hour, in the length of the longeſt day; as has been deſcribed, 5 380. 
beginning at the equator, and going on till they come to the polar circle;where 
the longeſt day is 24 hours: from the polar circle towards the pole; they count 
the climates by the increaſe of a whole-natural day in the length of the longeſt 
day; till they come to a parallel under which the day is of the leagth of 1j na- 
tural days, or half a month: nee ne de, ee 
mates by the increaſe of half months or whole months in the artificial-day ; | 
nll they come to the pole it ſelf, under which the length of the day, is fix 
months. Thoſe between the equator and polar circles ane callod hu alimatesʒ 
thoſe between the polar circles and the poles, munth. climate. 
385 Both ancient and modern writers differ * much from one anothes in 


102 ASTRONOMY | BOOK !. 
the number of climates, becky of theidifferentviews in which they er 
them, the ancient aſtronomers2 conſidered, the climates from the equator to 
each of the poles, in order to ſnew the difference in the apparent motion of 
the heavenly bodies, eſpecially the ſun, in all the different ſituations of places 
upon the earth which can be imagined; the geographers Þ chiefly conſidered 
the parts of the earth then known; later writers, to take in new diſcoveries, 
increaſe the number of climates; this ſubject is treated of at large by Riccio- 
eng eee 4. ci. 10, Ge. e The uſe of a table of climates is, 
the climate in which any place is ſituated, or the length of the longeſt day in 
chat place. being given, to find the latitude; or the latitude of a place being 
given, to find the climate, or the length of the longeſt day in that place. 
386 In common ſpeech, we ule the word climate in a more looſe and general 
ſenſe; ſa that when two countries are ſaid to be in different climates, i it is vul- 
garly underſtood that the quality and temperature of the air, and the ſeaſons 
of the eas are remarkably different in one from bat they are in the other: 
this is not true of different climates, in the aſtronomical ſenſe of the word, as 
defined 93805 for the difference of half an hour in the length of the longeſt 
days in teva places is ſo far from being the occaſion of any conſiderable dif- 
ferenee either in the air, or inhabitants, that we may ſometimes find a great 
likeneſs between the countries and inhabitants of different climates, and a great 
difference between thoſe: which are in the ſame parallel: the difference in the 
temperature of the air, and the conſtitutions and tempers of the inhabitants, 
may oſten be better accounted for, by the different ſituation of countries, as to 
their being high and mountainous, or low and level; near to the ſea, or diſtant 
from its their! being woody, fenny, &c; as alſo by the nature of the ſoil and the 
Water. Hippocrates de atre, aquis, & locis; fuss. 
38% The following table is taken out e — in calculating it has 
made an allowance for the effects of refraction, which other writers have neg- 
lected to do, in their tables of climates: reſtaction, by making the ſun 1 
Higher than he is, kerps him longer above the horizon of every place upon the 
earth; and conſequently makes the artificial day longer than it would be with- 
out refraction d. In this table, the climates are diſtinguiſhed by the increaſe of 
Half an hour in the longeſt day, eil it comes to be 16 hours; from thence, by 
the increaſe of one hour in the longeſt day, till it comes to be 20 hours; and 
From! thence by the increaſe of 2 hours, till it comes to be 24 hours; there the 
1 Net art; — * Wanne 13 days i 
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Weed je. ASTRONOMICAL TERMS ARISING FROM THE DIFFERENCE 


OF THE NOON SHADOWS, IN DIFFERENT PARTS OF THE EARTH; ASCI11, 


AMenier, HeTERESCIT, PERISSII. ASTRONOMICAL TERMS ARISING 
FROM THE INYABITANTS OF THE EARTH LIVING IR THE SAME, OR IN 
"DIFFERENT PARALLELS; SYNOECI, PERIOECH, AxTozet, ANTICHTH0- 
E eee, 8 | 


388 When the ſuns apparent diurnal motion is in a circle which paſſes 
tutu the zenich of any place upon the earth, the ſun is chat day ſaid to be 


: wy to that place; becauſe the ſun will that day at noon dei in the zenith, 


31 


2332 the 


2 30 B 


over the head of an inhabitant of that place, - 

389 At the equinoxes, about the 100 of March and the 120 of september, 
4 — being in the crleſtial oquater, is vertical to all thoſe who live under 
line; fig. 31, 32. 

390 When the ſun is in any of the celeſtial parallels, he is that day vertical 
to thoſs ho live in a correſponding parallel upon the carth®:.thus, when the 
ſun is in 0ꝰ north declination, he is that day vertical to thoſe who live in 100 
of north latitude; thus again, when the ſun is in either of the tropics, he is that 
day vertigat to all who live in a correſpondin parallel upon the earth“, which 
Is one of the rerreſtrial tropics. 'The utmoſt tion'of the ſun, either north 
or ſouth, is 23 30, the celeſtial tropics are therefore parallels drawn 237 30 
from the celeſtial equator; and the terreſtrial tropics, which are + rn drawn 


_-a.parallel.: from — | — 8 8 — he is ne- 
ver vertical to thoſe ho live without the terreſtrial tropics; that is, above 
23-39, from the terreſtrial cquator. 

2 Allwho live between the tropics have the fun vertical twice a year: thus, 
2 @vercical to thoſe who live under the line, twice a year; in March, 
and September: $ 389, thus again, if a place is in 10 north latitude, the fun will 
be wettical to it, when he is in 100 north declination, which he is twice a year; 
onder as he goes, increaſing in north declination, from the equator towards the 


| notthern tropic; the other time as, his declination decrealing, be comes back 


erm northerp tropic towards the equator... 

All who 9 the tropics have _ ſun at noon . north, 
= es 7 Wenne north la- 
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irnde; have the fury at ndon to tlis mori oe zen elt dhe lfte in 
more than 20? north deel inatton: at all other times when e e ds either ir 
ſouth declination, or not ſo much north 46 205 he vy be ſouth from cheir 
zenith at non. l 4901590 .in Gl 1 en Hon: 
394 Thoſe Places thattye without be ber dee 
but ſuch of them as are in north latitude; have the ſun eee tothe 
ſouth; and ſuch of chem ac ar in ſouth ae e ee ' 
to the north of their zenii © + | 
395 When the ſun at noon abe venlcy of any pike) doe Eb 
f chat place were by the ancients called 4%, that is, without — . 
the ſhadow of a man ſtanding upright,when the fun iv rey hve hin head) 5 
is not extended beyond that part of the earth which is direct under Nis 580% 
in ſuch @/firvation, che ſſnado of an vprighe pillar, whillt the für W. in th 
zenith, will fall upon that part of the renn marfands and 
——— 1 21331107  11519Htth n d ie 
396 Sinoe the ſhado of every ojake body's eee (ref 
he forv-at non is ſbüthward from the zenith of 2 the hide ef 
inhabitant of chat place; and indeed of every other opake body;is! 2 — 
owards the north? har div fans hotrhward Hen Me nt U uf PINS? 
the ſhadow: falls toward the ſou, r 5509 202 10 BONNET cob 
397 All Who live between che trbpics have the Tori ai ideas — — 
north, and ſometimes ſourh frben cheir zenith, $3945 and cone 7 
hadows at noon fall at one time of the year" towards the Nl 
time of the year towards the notrh ; theſe: were called wniphs/ ly WIKIS 
ing both kinds of meridian 'thadows: 575! % c Ioidg erage NT, 
n 398" They Who live withbus the tropite have cheir no ade always _ 
be ſame way; and are cherofone called bereroſeir) itt is having bit otic ng * 
of thadow: if they are in norcho lattende; chieir tmeyidian fon being fl) en, 
394, their noon ſhadows will be always rowardsthe int ths; Wis is Me el of © 
s, I Evropein general, and of England in ary Wende 
h _ wichout theſouthern-ttopic,:lave che ſun ati nDοο wihs martian * 
| cly their noo — towarde*the four ve 0 1 | 
20 ——— i ſo far diſtant from the cha hen the:days” 
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490 The inhainut of differen; parts of the earth may be conſidered with 


| regandite the parallels. in.which they live; in order to know whether the length 
of the days, or the times ot the ſeveral ſeaſons of the year, are the ſame, or diffe- 
rent therein: if two places were ſo near together that there was no obſervable 
- ditferenee: het een their ſeveral horizons, the inhabitants of thoſe places were 
by the anetents called ici; that is, near neighbours: theſe, having the 
- fame hotizan, have the nights and days, and the ſeaſons of the year alike, 
and at the ſame time. The inhabitants of diſtant places in the ſame parallel 
were called periæci; that is, living in the ſame circle: theſe, being on the ſame 
- fide o the equator, have the ſeaſons of the year alike, and at the ſame time; 
* having alſo a like elevation of the pole, and a like horizon, the heavenly bodies 
appear in both to riſe, to come to their meridians, and to ſer, in the ſame man- 
ner, ſuprd chap. 8, but at different times of the day, according as their meridi- 
ans are more or leſs diſtant, $311; they have therefore the ſame kind of days and 
nights, but at different hours. Some writers reſtrain the appellation of periæci 
to thoſe, who live in oppoſite points of the fame parallel? hen it is noon in 
one of ſuch places it is midnight in the other, q 302. When two places are 
in patallels which are equally diſtant from the equator, but one of them in 
- north, the other in ſouth latirude; the inhabitants were called antæci: theſe have 
a like elevation of the poles, but in one north, in the other the ſouth 
pole is elevated; they have therefore a like increaſe of days and nights, and 
like ſcaſons of the year, but at different times of the year; it being the longeſt 
da and dhe beginning of ſummer in one place, 'when it is the ſhorteſt day and 
_ the beginning of winter in che other: ſome will have the antæci —9 — 
© ame gebgraphical meridian, ſo as to have the day or night at the ſame time, ſec 
$3993 A me places were in paralleis equally diſtant from the equator, one 
in norch, the other in ſouth latitude, and in meridians bʒ the inhabi- 
tants of one place were, in reſpect of the inhabitants of the other place, called 
extichthones, that is, living upon oppoſite parts of the earth ; or antipodes, that 
is / having their feet when two p ure antipodes, the zenith of 
2 ons in dhe hadir af che other; $1277; and 281, They who are ant ipodes have a 
like elevation of the pole, hat of different polesz they have alſo like days and 
nights, and like times of 1 year; but every thing at oppoſite hours of the 
day and oppoſite ſeaſons of the year: thus, when itlis noon with us, it is mid- 
night with our anripodes; when ee eee eee with 
us the days are ſhorteſt, and winter begins with thein 11 12 
401 The 20nes are parts of 2 fork catch} incorwhich it 
— ER polar circles; all that part of nich lyes 
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between the two tropics is called the torrid zone; this ſome of che aneients 
taught uninhabitahla, by rea ſon of the great heat, whichthey iind muſt 
be chere, when the iſun is vertical: but ir ĩs no Ü m thnt um parts of 
it are inhabited, and that when the ſun is vertical to them, his heutlia uſually 
—————— Between each tropie and 
the polar circle next to it, lyes 4 frmerute zone; the comptehend 
the frigid zones;i theſe were ſuppoſed tq be uninhabitable, by reaſon vf che 
cald: the zones are generally ſaid to berfive; one toruid, two tetnpe rate and tio 4 
frigid; ſome make tonutkberiof! cllomcliny' dividipg * xls torrid 200 into two 
by the r abbr foigitelrathngy f 
goa When any paris ef the earth, or of the' beavewate ſuid to be on the rigbe 
hand, or on the leſt, theſe expreſſiong have ; | 


in different wri- | 
rors;;to underſtand which it is nectflary to Wow which' way: the übe l p- 
paſed to be turned: geographers look-t6wlirds the north; becanſc the Horthbrh | 


part of the earth is moſt;known; with them cherefbre the Cuff is vn the 
right hand, the weſt on the left: aſtronomers look to würds the fouthy" obſerve | 
ing the heavenly bodies s they cone to the meridian; With theng the welt i : 
on the right hand, and the eaſt n : 
0 divine by ore bin om, —— heaven chunder and ing | 
ame, which way birds fle, Ge, aber ed che caſt; ſu chave 

ſouth was on their right hand towards the fortuuate iſlande : 
in the weſt; and bad therefor the norton their right handtb 23 G odfio, 
The following verſes may ſerve to help 5. igt 
net: To! ——ů 22 tl wobedbodn ui 
At the meridian bolt afrapdaery e 243 099 0) 9707p [notents en 
T The augur; whereauroraſmilesy | — kaceds 10 Wirtin 
e . po row th iflegiion itt oH hn D ox dn A; 
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x08 | 7 KSTRDONOM Y _  'BOOK 1, 
716, prehended/within:the arctie circle of that place appears to come obliquely a- 
| bove thei gaſt iſidei qi the horizon, and to criſe gradually higher and kigher 
till it comes tothe meridian, chere it is at irs greateſt height, and from thence 

ir deſornds obliquicly-lower and lower, till: it ſets belou the weſt fide of the ho- 
rixoni in any piaes in an oblique ſphert, every point in the heaven which is 
5 . within the arctic circle of chat place riſes gradually from the 
5 | loweſt point of che parallel of ita appartut motion, and goes higher and higher 
| till comes to the meridian, and fram thence deſcends gradually, till it re- 
turns to the loweſt point again: the loweſt: point of every Parallel, being op- 
| police to the higheſt, i in the oppo ſite meridian. . War up 20) 
404 The gotation of dase ch Is: the cauſe of the apparent diurnal 
mation af the heavenly. bodies, being ſuppoſed equable and uniform, as there 
in no reaſon ta imagin it to be otherwiſeꝭ the apparent altitude of every point 
in the heaven is che ſame at equal diſtances from the meridian, whether aſcend- 
int tayrards the meridian, or deſcending from it provided the point does not 
in the mean time change its declination; but continues all the vhile to move 
in the dame parallel: from hence and from the preceding ſection is derived the 
| method of finding- a meridian line, eo 2097 bein 1: 12 A811 7 
og; „ 4: meridion line by: the fun; upon an horizontal plane, at the 
| an AB; an hour or'two before noon, 
for:cxample; about 10 in che morning, make a mark at p, where the ſhadow 
* the wire terminates; take away the wire, and from the center A through 
the point v draw a circle &M:p 25 replace the wire as before; as the ſun riſes 
higher, the ſhadow will grow ſnotter, till noon, when it is at the ſhorteſt; then 
- As the fun grows lower, the ſhadow will grow: longer 3-6bſerve in the afternoon 
when the extremity of the ſhadow juſt-touches:rhe- circle: again, and make a 
| mark there, as c; find the middle point of the are cp, and from the center a 
draw through it the line à M, this is the meridian line; or a line made by the 
common ſection of the planes of che meridian and Horizon b. The reaſon of 
ſthe operation. is this; at equal diſtances from noon, before and aſter it, the ſun 
iT Vof the ſame height, and in verticals equally diſtant from the meridian: there- 
-  |{oloedavetfcly;aardedrawit through the ze ich equally diftane from any two 
 vergcalspi+ botiyof Winch che ſun is at the fame height, is the meridian. The 
| plates OWE wen vertical; ur facher their cominion' ſections with the plane 
of the blen the bund by marking the ſhadowy'of the wire before' and 
they ute of the fame length, 28 Ac and AD are; by $2 f: for 
other methods of finding the meridian line, fee Rita Almageft, . 10. 54. 
Nuasczuet aftron. I. 5. c. 4. Suite det memoires de T Acad. Rejalt pour ann. 17 18. 
| pag. 22. edit. Par. 7 of | dhe” eee * Aer. 
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CHAP. II. ASTRONOMY 5 rog 


406 J have here ſuppoſed the ſuns declination to continue a 17 


noon and afternoon ; this operation therefore is to be performed-at one of s 
ſolſtices, when the ſuns declination does not ſenſibly alter for ſometime) 9 371 
add the furmmen ———— the ſun is then higheſt, and 
changes his altitude faſteſt; whereas at the winter ſolſtice he is ſo lau that 
the obſervations of him are liable tocrrors ariſing from refractioh and hisme- f 


tion above the horizon is ſo oblique, that he changes his vertical faſter than 


he does his altitude vrhich is inconvenient in an operation thac is to dezermin. 
his vertical by his altitude. 


| There are moreover ſome other cautions to be obſerved in finding the me- 


ridian line by this method; 1. A clear day ſhould be choſen; and the horizon- 
tal plane ſhould be white, or of ſome light 
may appear the more diſtin&; 2. The wire muſt not be too long, that the extre- 


colour, that the ſnadom upon it 


mity of the ſhadow.may be well defined; Ricciolus pr to have it about 

6 inches long; 3. The end of the wire muſt not be a ſharp point bur about: - 
the thickneſs I have drawn it in the figure, that the end of the ſhadow may 
be diſtin; 4. When accuracy is required, from the center A draw ſeyeral cou 


centric circles, that you may mark in each of them the points where he 


ſhadow of the wire terminares, at ſeveral, times before and after nogn; as at 
9 in the morning, and 3 in the afternoon; at 11 in che morning, and 1 in the nt 
afternoon, Cc: if the meridian line paſſes through the middle of all che arcs. : 
thus marked out, the agreement of ſo many ſeveral obſervations will be a 
proof, that the meridian line, found the ſame by them all, is ſufficiently, exact. 
40% One meridian line being given, another may be drawn. upon ang 
horizontal plane, by the following method; hang a chread with a plunatnet ex 
actly over the ſouth end of the meridian line given, and another. ad with a 
plummet over the ſouth end of the plane upon which the meridian line is. 
to be drawn; let one perſon obſerve at noon, the moment when the ſhatlow of = 
the firſt thread falls exaMly upon the meridian given, and let anocher obſerver, 9055 
ehe dae Ge dard Gruen opened on pc 1 


a line drawn through thoſe points is the meridian, 0. . f By the iſh mW: 
r 10 


method may a meridian line be found upon 4 ſouth N 
points in the ſhado of a thread hung ac le dilans fm e, ihe mer | 
das re near, he tht ores he ſhadow ofthe Gl red; moe 

ee by Dh br ie dy 
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FIG. ſuch a manner, that though it be moved up or down to give it different ele- 
vations, in order to view through the fights of it the celeſtial bodies at diffe- 
bebe 
grees are marked ſhall continue all the while in the plane of the meridian. The 
mural are in the Royal Obſervatory at Greenwich is a wall built of black mar- 
ble, one ſide of which, ſtanding exactly in the plane of the meridian, has a 
TD accurately divided braſs quadrant fixt to it, moveabic round its center, 
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mar. 12. TO Annes 'THE TRANSITS OF THE HEAVENLY. BODIES: 

og Fun THE HEIGHT or THE POLE: THE MERIDIAN or THE u. OBSER= 

-VATORY AT/PARIS;"GNOMONS, AND THEIR . f 


409 "To „Herve the tranſits, or paſſages of the beavenly bodies ooh the FIT 4 
cke meridian; a meridian line being found by F 405, hang two threads wi 
- plummets exactly over it, at a little diſtance om one another, and they will be 
in the plane of the meridian; if you place your eye cloſe to one of the threads, 
in ſuch a manner that you make it cover the other, and both a pear as one 
thread; when a ſtar is behind the threads, it is in the meridian; the ſame 
© method may che ſun be viewed, through a finoked glaſs; when the threads paſs 
5 bes, bt his center, he'is in the meridian; but the beſt way of obſerving either 
moon, ſtars or planers, is through a teleſcope placed in the meridi- 
an, 238 two croſs hairs, one of which is in a vertical, the other in an hori- 
zonal potition; when the vertical hair paſſes through | the center of the ſun, 
Be is in meridian 
410 To ford the Tach of the pole, in any place; ; with an inſtrument fixt 
in che Plage of the meridian by 5 408, take, by one of the methods ſhewn 
8 284, 285, 286, the greateſt and 8 bei ht of ſome ſtar which never ſets in 
| chat placy, but 1 comprehended Within 1 arctic circle thereof, the middle 


. og te rata X08 po ton G5 
its grea ar 
VE en I found bo® fon hours after, by the Ne, $5 of the. : 
a will be in of the meridiap, t its leaſt height 
I at 1 i 
at 45 2 Piet poſe this Pan 40 che ißt oe between the greateſt height 
OD ind the e 5 e 10˙ yr Rag HL ht, or 
paler the greateſt, 10 Ly a 230 = a 
þ 4} * 175 do of the py It iriay be found by 145 abion el th beide 
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f the meridian, if Me e knnen of 215 be known: thus, in the 
abit "of ehig"8ctination of tary for che year 1730 1 find the declivarion of of 
| . 
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CHAP, 12. ASTRONOMY | 


| the pole ſtar to be 87% 52-18%; its diſtance from the pole n 
ment of its diſtance frem the equator, is chen 2 247 2 . pole I 69d the 


greateſt height of this ſtar, in the meridian at c, fg 9, to be 347 38 12“: 50 , 
take from thence the ſtars diſtance from the pole, 2 7 A, and the remainder | 
is the height of the pole, 52 30 39". The 1 of the pole may alſo be 

found, by taking the leaſt height of a ſtar and adding thereto the-diſtance of 

the ſtar from the pole; but care muſt be taken, not to chooſe a; ftar,whigh 

comes near the horizon when it is at the loweſt: once for all, let it be remem- 

bred, that thoſe obſervationsof the ſtars, Cc are beſt which are made neareſt 

to the zenith; as being leaſt * ae errors 2 8 from the n ee 

and variableneſs of refraction * 
412 To find the beigbt f the": 2 "tak eis height of a ſtar | 
which has no declination, but is in the equator; or take the meridian. height bn” 
of the ſun when he is in the celeſtial equntor; the height of the equataris here 
found at once: the height of the equator may alſo be found by*the meridian” © ”. 
height of a ſtar which has declination, or by the meridian height of the ſun | 
when he is not in the equator, provided j it be firſt known what — win BY 5 
the declination of the ſtar ox the ſun is at che time of making the obſervation; . wi 
thus, ſuppoſe, in the year 1730, Lam in a place where A waritnockabwithe 
height of the equator; L find the ſtar called Aldebaran ot the Bulli eye is that 
year in 155 56 48' north declination añ I obſerve the meridian height of it, and 
find it 45” 2 from 45" 2 IL rake the ſtars declination, 15 56 4875 e 
mainder 29 f 12718 the 2 of the ren 15205 ere ſupp dc, 
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414 — us, tables 6 
tables muſt be calculated for 
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1e. be found — day time. At ſea, where they cannot have a fixt meridian line, 
they take the greateſt height of the ſun or a ſtar for the meridian height. 

415 Ameridian line may be verifyed, prolonged to what diſtance we pleaſe, 
and the length of it meaſured. The meridian of the Royal Oh a at Paris 
being found, and an inſtrument with teleſcopic fights pla y * there- 

in, t north and ſouth points of the viſible horizon were obſerved through 

the fights, and ., ah] beth point a pillar was erected; then, by another in- 
ftrumentplaced horizontally, ſeveral diſtant objects, as ſteeples, c were view- 

ed, and hh angles the viſual lines made with the meridian line were obſerved: 
then, from the places of thoſe objects, as from ſo many new ſtations, other ob- 
were obſerved; and where proper ones did not occur, large poles or trees 

vere ſet up to be viewed: by E means ſeveral triangles were formed along 

the meridian: in order to meaſure theſe triangles, a paved way near Paris, 
from” Villejive to Fuvify, being ſtrait and lying from north to ſouth, was 
made choice of for the fundamental baſe. For actual meaſuring the length of 

this way, two poles were made uſe of, each of which was four taiſerb long, 
and made of two pike- ſtaves joyned at the great ends by a ſcrew: the 
method obſerved in meaſuring was as follows; one 2 — was 
firſt laid upon the ground, and then the other was joyned to it end to end, a- 
long by a rope ſtretched from north to ſouth; then the firſt pole was taken up 
and laid dawn at the end of the ſecond, and fo on ſucoeſſively: and for the 

4 2 caſe in keeping the account, the meaſurer who laid down the ſecond 
had ten little takes given him, one of which he ſtuck into the ground at 
| the end of his pole every time he laid it down; ſo that every ſtake marked 8 

_ oiſes, and when all the 10 ſtakes were ſtuck into the ground they marked eigh- 
ty 701/647 in this manner, the length of the high way between the middle ot 
che mill of Viliguive and the pavilion of Fuvyy was twice meaſured; and was 
found to be 5663 7oj/es and 4 feet, in going; and 5663 toiſes and one foot, in 
returning: but, as a nearer approach to cxaQneſs could not be hoped for, the 


 -ound number of 5663 toiſer was pitched upon as the length of this funda- 
61 epi] Baſe, This baſe ii ig. $1 preſence repreſented by the line 0#, and the calcu- 
lations of ihe triangles were 


it, in the following manner; from o 
| r cop; from the other end 2, the 
due cor was obſerved; and from the 1 — e, the angle oc: and thus all 
me angles of the triangle cyo and the length of one fide op being known, 
ie lengrhsofthe remaining ſides oc and vc were found by calculation. The 
-next ſtep was to obſerve all the angles of the triangle on c, and from thence, 
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BC: Then, all the angles being obſerved, and the ſide 3c being known of the 210. 
triangle apc, which may be called the firft or principal triangle of the meridian 51 
of the Obſervatory, the other ſides AB and Ac were found. Then, from one of 
the fides now known, and the angles obſerved, all the ſides of the nextadjoyn- 

ing triangle c Be were found. Thus they proceeded from one triangle to ano- 
ther, to the place where the meridian ended, in the ſouth part of France; and 
there the laſt triangle was terminated by a baſe of the length of 7246 toiſes, 
which was actually meaſured, in order to verify the preceding operations. 

416 The meridian line of Paris being prolonged, in the manner juſt now . 
deſcribed, the ſituation of ſeyeral other places in France was determined by 
trigonometry; and an accurate map of the country-drawn ; eſpecially of thoſe 
parts which lye near the meridian of Paris: we have this map, with.the:trian+ 

gles formed along the meridian, in the Suite des memoires de Acad. Royale dee 
ferences, annee 1718: I have, in fig, 52, given an exact copy of ſo much of it as I 52 
thought neceſſary for my purpoſe, taken from the Paris edition; in the book | 
juſt now cited we are told, that the longitudes of Montpelier and ſome other 
places in France were found to be the ſame, by aſtronomical obſervations, as 
the trigonometrical operations had determined them to be: this ſnewed at once 
the truth of thoſe trigonometrical operations, and what exactneſs may be ex- 
pected i in determining the longitude of places by thoſe aſtronomical lets 
vations: thoſe obſervations were of emerſions of the ſatellits of Jupirer. 

417 There was one method of making obſervations very much uſed by —— 
ancients, which is proper to be now mentioned; and that was by the kength | 

of the meridian ſhadows caſt by an upright pillar of a ra..." oth a | 
level pavement: a pillar erected for this purpoſe was called a g, be- 
cauſe thereby the height of the pole, and the ſeaſons of the year, may beknown: _. I 
the center of the baſe of the pillar may be called the center of: the gaams: the 
greater the height of the ſun. is, the ſhorter is the ſhadow of a gnomon and 
converſcly, the ſhorter the ſhadow is, the greater is the ſuns height: thus, fig- 53, 53 
kt the gnomon be 6x, the pavement ux; when the ſun is at A, the ſhadow | 
reaches to a; when the ſun is at B, the ſhadow reaches to &; when he is ſtill 17 
higher at c, the ſhadow reaches only to a; in obſervations of this kind, it wag | 
U the ſhadow bore to the height 

of thepillar ; chat is, the height of the pillar being divided into certain . 
ber of equal parts, to ſay how many of thoſe parts the length of the ſhadow, | 
beginning to meaſure it from the center of the gnomon, amounted to, at the 
equinoxes or ſolſtices : the moſt ancient obſervation of this kind, that we 
meet with, is that made by Fytbeas, in the time of Alexander the Great, at 


Solis ambilicus quem gromenem vicant: OR 3. 6. 78. 
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710. Marſeilles, where he found the height of che gnomon was to the meridian ſha- 


dow, at the ſummer folſtice, as 2135 to 600; Juſt the ſame as Gaſſendus found 
it to be, by an obſervation made in the ſame place, almoſt two thouſand years 
after, in the year 1636. 

418 To'find the — the pole by its of & pawns it is ſuffi- 
cient for this purpoſe, to find the meridian height of the ſun; for that being 
given, the height of the equator is found, by F 412; and conſequently the ele- 
vation of the pole, by & 413: now the meridian height of the ſun is found by the 
gnomon in the following manner; in the fifty fourth figure, let the gnomon 
be Ac, let che ſhadow be A;; and let CB be part of a ray drawn from the 
center of the ſun, paſſing by the top of the gnomon and terminating the ſha- 
dow at 8; theſe three lines form a right-angled triangle ; Ac; whereof the 
two legs Ac and A B are given; the number of feet, inches &c contained in each 
of them being found by actually meaſuring them: from hence either of the 
acute angles may be found in this manner; let one leg be radius, and the other 
Will be tangent of the oppoſite angle, F 140: thus, if we make A B radius, Ac 
will be tangent of the oppoſite angle An c; this tangent is thus found by the gol- 
den rule; as the number of feet, inches, &c in A is to the number of feet, 
inches, Gr in Ac; ſo is the radius or the whole fine x0000000, to a fourth 
number, which is the tangent required: this fourth number found in the table 
of tangents makes known the angle A Bc, F 120: and this angle is the mea- 
fure'of the ſuns meridian height at the time of the obſervation: which was 
the thing required to be found. . 

419 The following example will ſerve to illuſtrate this propoſition; Pliny Þ 
tells us, that at Rome, at the equinoxes, the ſhadow is to the gnomon as 8 to 9: 
54 ſuppoſe then, making uſe of the figure laft mentioned, the gnomon ac to be 
90 feet, and the ſhadow An 80 feet; if we make AB radius, Ac will be tan- 
gent of the angle A B c: we may ſay then as AB of 80 feer, is to the whole 
fine T0060000; ſo is Ac of go feet, to a fourth number: vig. 112 50000, tangent 
of the angle Ape: the angle anſwering to this tangent in the table, 5 120, is 
49223 this is therefore rhe height of the e Nr Rome; and the elevation 
of the ber dere is 41" 35:F 112,173. EN 

420 Ricriolns© takes notice of theſe defects in the obſervations of che ſuns 
height, made with the gnomon, by the ancients, and ſome of the moderns; 1, 
they did not reckon the ſuns parallax, which makes his apparent altitude 10 leſs 
than it would be, if the gnomon were placed at the center of the earth, as will 
be better underſtood when the ſuns parallax comes to be treated of; 2, they 


„ Gallendus de wite Peigeckii ad avs; 1636. = Rec. abs. © 14 & Geog: reforms. I. 7. 6. 4 U 
. E Geogr. enn. |. 7- c. 4. 


did 
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did not conſider refraction, by which the apparent height of the ſun is a little 710. 


increaſed; 3, they made their calculations from the length of the ſhadow, as if 
it were terminated by a ray coming from s, the center of the ſuns diſſeæ, ſig. 55, 55 
ſuch as is expreſt by the pointed line so; whereas the ſhadow is in reality ter- 
minated by the ray MB, coming from M, the upper edge of the ſuns diſk; ſo 
that, inſtead of the height of the center of the ſun, their calculations gave the 
height of the upper edge of his diſk: the errors arifing from hence are ſmall, 
and of no conſequence in ſome caſes, but in order to find the height 'of the 
pole, the moment of the ſolſtices or equinoxes, or the obliquity of the eliptic, 
with accuracy, they muſt be corrected in the following manner: to the altitude 
of the ſun found by the gnomon, add the ſuns parallax 10", and take from it 
the ſemidiameter of the ſun, about 16, and the refraction, which i is different 
at different altitudes of the ſun, as will be ſeen in the table of refratiqns, and 
you have the ſuns true altitude: thus, in order to correct the obſervation men- 
tioned in F 419; to the meridian height of the ſun at Rome, found by the gno- 
mon at the equinox: to be 48? 22, add the ſuns parallax 10', which makes 
48? 22 10" from this ſum take the ſuns apparent ſemidiameter 16, and the 
refraction 1 57", and the remainder 48 4 13" is the true height of the ſuns. 
center, and e the true height of the equator at Romes . com- 
plement whereof 415 is the elevation of the pole. 7 
421 There are alſo the kinds of gnomons, which ſhew the height of the | 
ſun by letting his rays ſhine through a hole in a plate of metal, ſo.as to form 
his picture upon a level pavement: in an inſtrument of this fort, the center of 
the gnomon is the point in the pavement which is exactly under the center of 
the hole: the way of finding the meridian height of the ſun by one of 
gnomons is the ſame as by the other firſt deſcribed; only, inſtead of the length . 
of the ſhadow caſt by the pillar, ORE cbs Wh RN e 
tive ee man en eee F235 Þ . 
422 Of this kind vas the gnomon made in Wc 1 Sr, Piat Bo. 
logna, in the year 1576, by Egnatio Dante; the nature of which is tafily un- 
derſtood, by fig. 56, taken out of Ricciolus®: An is the ſouth. wall of the church, 56 
near the top of which is placed a braſs plate of the thicknels repreſtiited* 
the letter T ; the bigneſs of the hole in the plate is ſhewn by the circle 7" 
the plate was ſet inclined in the wall in an angle of about 45 2, whieh is the 
height of the equator in chat place; the height of the hole in the plate: from 
the ground is near 66 Bologna feet; the line A N is 169 ſuch feet, drawn upon 
a marble pavement, not exactly in the meridian, but as near it as the-pillars 
would admit of; the cllipfis c ſhews the me of the ſuns N "Ir the 
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F1G. pavement; at the ſummer, the ellipſis LN, at the winter ſolſtice; and the ellipſis 
56 Fn; at. the equinoxes: when the diſtance of the ſuns picture from the center 
of the gnomon A is to be meaſured, we muſt take the center of the picture, 
- which, for example, at the equinoxes is the point a, marked by the ray « a, 


dravm fromthe center of the ſun. | 

423 Of chis kind alſo was the gnomon made in the fame church of Sr. Pe- 
froma at Bologna, in the year 1645, by Dominico Caſſiniz who placed the braſs 
plate, through the hole of which the rays of the ſun were to paſs, in the roof of 
the church, and drew a meridian line 120 feet in length upon the pavement: 
the thing is ſo well reprefented in the reverſe of a medal ſtruck upon that oc- 
caſion, that I thought it would be agreeable to the reader to ſee an exact copy 
thereof; I have therefore taken one out of the Giornale de letterati, and pre- 
fixt it as. an _head-picce before the firſt book of this work: a larger picture of 


fixt it as an 
15 2 1 . l 
t may Pe in Wright's travels. 


N 


Bianc bini and Maraldi did in the ſame manner, draw a meridian line 

upon the paxement of the great hall of the baths of Dioclefian, now the church 
of che Ce ea, in Rome: an account of this is given by Biancbini in a 
rreatile entituled Blanchinus de nummo & gnomone Clementinoo. 

. 425. A gnomon may be made, and a meridian line drawn, after the manner 
of Cn, by the following method; place the braſs plate with a hole in ic in 
the ſours end of the roof of the building; by a thread with a plummet at the 
end of it let don through the center of the hole, find the point in the pave- 
went which is exactly under it, this point is the center of the gnomon; from this 
center, draw ſevcral concentric circles; an hour or two before and after noon, 
mark the poings where the northern, as alſo where the ſouthern edge of the 

s picture touches theſe circles, and you will have ſeveral arcs; a line drawn 
om the center of the gnomon through the middle of theſe arcs is a meri- 


dian line: the reaſon of this operation is the ſame as of that deſcribed $ 405. 


*. 426 Theſe meridian lines now mentioned, are drawn upon long plates of 
&,; with. which the marble pavement is-inlaid; there are alſo. drawn there- 
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dcn lines croſhing tbe meridians at right angles, to ſhe how far the center of 


the ſuns picture at noon reaches, at different times of the year: when the ſuns 
PiQure ar. noon. is furtheſt from the center of the gnomon, the ſun is then 
loweſt, $ 417, and conſequently he is that day in his greateſt ſouth declina- 
pion, and it is then our winter ſolſtice; when the ſuns picture at noon is near- 
elt tothe center of the gnomon, the ſun. is higheſt, and conſequently he is then 
in has greateſt north declination, and it is our ſummer ſolſtice. 

42% It is obvious that the leſs the ſuns altitude is, the further from the center 
will che place of his picture be; for the ſame reaſon as the ſhadow of an up- 


i ht pillar is longer, the higher the ſun is: as was ſhewn F 417. 428 To 


2 


minutes as the ſun is lower than the equator, ſo many hours is the 
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428 To find the time of the ſolftice; obſerve the diſtance of the ſuns picture 
at noon from the center of the gnomon, the day before, and the day aſter the 
ſolſtirial day; if theſe diſtances are exactly equal, the meridian heights'of the 


ſun are for thoſe two days exactly equal, and then the time of the ſuns being 


in the ſolſtitial point is exactly at noon: if the diſtance of the ſuns picture from 
the center of the gnomon be greater the day before the ſolſtice than it is the 


day after, the time of the ſolſtice is before n ol er time 


of the ſolſtice 1 18 after noon. | . 4 n — 14 * , 


It is exceedingly difficult by this method, to 600 he moment of che ſolſti- 
ces within ſome hours; for at thoſe times the ſuns declination, and conſequent- 
ly his meridian height, alters not above 15 in a natural day; ànd therefore an 
error of more than 1 5 in the obſervation of the ſuns meridian height, will oc- 
caſion an error of a whole day in fixing the time of the ſolftice; an-error of 


more than half 15, will cauſe an error of half a day; and ſo on if chis pro- 


portion. V. Ricciol. alm. I. 3. c. 14. in Gregory's aſtronomy I. 3. 2 114 we 
hang a moce 'nccurace-rhethed of faniibg"the"folftices' See « by Dr. 
Halley in the Philoſ. tranſactions of the year 1695. 

429 To find the time of the equinox; on the day of the eqn; ha by a 
gnomon the meridian height of the ſun, and the height of the equator, byS 419; 
if theſe be equal, the equinox is exactly at noon; if the height of the ſun be dif- 
ferent from that of the equator, then, as many minutes as ſun is higher than 
the equator, ſo many hours is the moment of the equinox before noonz/as many | 
equinox af- 
ter noon: the reaſon of chis computation is this; ar the equinoxes/the deci 
nation of the ſun alters at the rate of 24 in à natural day; Which id F i un 
hour. From hae : ECO 
more eaſily obſerved than the ſolſtices. WA 

430 Ic is not improbable that fome of thoſe many cbeliſks/ ereAed'In | 
Egypt, and dedicated to the ſun; were made uſe of as gnomons; as we are in- 


formed by Plinyb one of them was, at Rome, which Auguſtus brought thither | 
and ſet up in the Campus Martius: the height of this obelifk was 116 feet, 
it had a round ball placed on che top of it, that the end of the ſhadow might 


be ſeen more diſtinctly, and the ſtone pavement upon which the ſhadow, fell 


was inlaid with braſs rulers, which, by marking the different lengths of the 


meridian ſhadow, ſhewed the lengthning and ſhortning of the days. It is hard- 
ly worth mentioning in this place, that the Spaniards, at 
Peru, found pillars of curious and coſtly 3 — 2 in * place, 
tr ee. Nr oh 

b Nat. bift. I. 36. c. 10. 8 
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by the meridian ſhadows whereof their Amautas or philoſophers had, by long 
experience and repeated obſervations, learned to determine the time of the e- 
-quinoxes: thoſe ſeaſons of the year were celebrated by them with great feſtivity 
and rejoycing, in honour of the ſun, whom they fancied at thoſe times to fir, 
in all his glory, upon his throne which they erected for him: and therefore on 
thoſe days they preſented him with rich offerings of gold, ſilver, jewels and 
other valuable things, adorning his throne, as they did alſo the pillars, with 
fragrant herbs and flowers, * | Df: 


— 


1 
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Ax, 13. OF THE MEASURES OF. LENGTH OF DIVERS NATIONS. 


431 Before the dimenſion of the earth be attempted, it will be proper to 
aſcertain the length of choſe meaſures, by which the magnitude thereof is to 
be expreſt: and firſt we will conſider the leſſer meaſures of length, by which 
the greater are uſually eſtimated; the lefler meaſures of length have been ſome- 
times taken from che dimenſions of the parts of an human body, as the foot, 
the cubit, the palm, &c; here, if we take a man well proportioned and of a 
middle ſtature, @ foot is the diſtance between the heel and the tip of the great 
100% 4 culit is the diſtance between the elbow and the end of the middle finger; 
palm is the breadth of the hand, or four fingers; and an inch is the breadth 
of the thumb; twelve of which are equal to the length of the foot: ſometimes 
theſe meaſures are taken from other things, as the thickneſs of a middle ſized 
corn of barley. or wheat, and for a meaſure ſtill ſmaller the thickneſs of a hair 
taken out of an horſes or a camels tail: b but in all theſe meaſures there is an 
uneertainty, ariſing from the difference in the proportions and ſtatures of men, 
and in the bigneſs of the grains of corn, &c; and therefore, in moſt civilized 
nations, it is uſual to keep in ſome publick place authorized ſtandards of thoſe 
meaſures which are moſt in uſe, that recourſe may be had thereto. 
432 Nicciolusc propoſes the following method to find the length of the an- 
tient Roman foot; there was kept in the Capitol, for a ſtandard, a meaſure of 
a cubic form, called from its ſhape guadrantal, or ampbora; the dimenſion of 
the inde of this veſſel was a foot every way; and it contained 80 pounds of 
wine or water 9; the ancient pound contained 12 ounces, and the ounce 8 
drachms e; the weight of the ancient Roman filyer coin called denarius was a 
drachq f; ſeveral of cheſe pieces ſtill entire and nor ſenſibly diminiſhed by 
1 61 11 — ms 
OE Dias docs Kat oper 
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time, were very le weighed, and found to weigh at the rate of 8:to a 
modern Roman ounce a; from whence it may be concluded that the Roman 
ounce and pound are the ſame now as they were anciently: and conſequently 
if a cubic veſſel be made containing Bo modern Roman pounds of clean rain 
water, a ſide thereof will give us the length of the ancient Roman foot. 

433 The Congius was the eighth part of the amphora, and contained 10 

ds of wine or water b; a fide ofa a veſſel of this capacuty of a cubie form 
would ſhew the length of half the Roman foot. V illalpandus e has given vs a 
print of a braſs congius in the Farneſe collection, whoſe ſhape was ſuch, that 
the dimenſions of the ſeveral parts of it ſhewed the length ofthe Roman inch, 
half foot, and foot; it being ſo contrived, as he thinks, on purpoſe that it might | 
ſerve for a ſtandard of thoſe ſeveral meaſures in length, as well as for a mea- 
ſure of capacity: particularly the thickneſs of the upper rim or lip of this veſ- 
ſel was an inch, and depth of it exactly a foot; the inſcription upon it ſhews 
it to have been made in the time of Yeſpafian, according to the ſtandard. in the 
Capitol, and that it contained 10 pounds weight: the Roman foot taken from 
this is therefore called the foat of Ve to ene it from ocher Ro- 
man feet which are next to be deſcribed. 

434 There is at Rome an ancient ſepulchral monument of Coſſutius, upon 
which a foot-rule, pair of compaſſes, ſquare, and maller are cut in relievo:,of 
this ſtone, which was formerly in the garden of Angelo Colati a learned. anti- 
quary, from whence ſome writers call the foot taken from thence. the. Colotzan 
foot, we have a print in Lucas Pætusd, it is the opinion of this author, that the 
rule, as well as the reſt of the tools, was placed there to ſhew of what trade Caf. 
ſutius was, but that the length of it may be drawn at random, there being no 
reaſon for the workman to be exact about it; and that the Roman foot might 
better be taken from ancient braſs rules, of which he had three exactly of the 
fame length, marked with ſuch diviſions as agreed with the number of equal} 
parts into which the Roman foot is by ancient writers ſaid to be divided: though 
he meaſured ſome other ancient braſs rules which were of a different length. 
There is in the Vatican gardens another like monument of Statilius, having a 
foot with its divifions cut upon it, which are not upon the foot of Cofutius; 


2 Bp Hooper in his enquiry into the ancient meaſures obſerves, chat under the Conſuls the weight of the * 
d-narius was at the rate of 7 to an ounce; that under the firſt Emperoum it was diminiſht fo as to weigh 
= at fed ounce; and that afterwards under the Gordians and the following n 
to its firſt weight 
b Ut a r ofoginta ponds ft. r WAR MT e on rd 
Jud Fefturn, voc. pondera publica. O17 9952): | DIR ++ 4, 
e Tom. 3. apparat. urbis & templi Hirroſlym. 1 3. e. 26. | He” 
d De menſur. & ponder. Rom. & Grac. nn Tn. 2. 
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4 quadrantiF made by this foot of Statilius was found to hold 80 Roman 
ds of water; Greaves denies this experiment to have been made with 
accuracy, this author who ſeems to have ſurpaſſed all that went before him in 
exactneſs, ſhews there is a difference between the foot of Cofſutius and that of 
Statilius, whereas other writers had careleſly affirmed them to be both exactly 
of a length: and he gives the following reaſons why he takes that of 52 
to be the ancient Roman foot; 1, the length of it is the ſame as that of ſeveral 


ancient braſs rules, which he carefully meaſured; 2, he found almoſt all the . 


ſtones of white marble in the pavement of the Pantheon to be exactly three 
Coſſutian feet ſquare, and the leſſer ones of Porphyry one and a half ſquare of 
che ſame foot: 3, the dimenfions of many of the ſtones in the foundation of 
the Capitol, an wii the arcs of Titus and Severus were ſuch, as made it probable 
they were cur out by this meaſure; 4, from the neatneſs of rhe ſculpture, he 
inks it nor likely the carver would cut the rule too ſhort or too long, when 
he might as eafily give ir the true length of a foot: 5, having made a quadran- 
tal by this foot he meaſured the capacity of it, and found it contained exactly 
7 and 2 half of the Farneſe congius: and whereas it ought to have held juſt d 
congii, according to what is ſaid aid of the ampbora by Feſtus and Rhemmiu; 5 Fan- 
nus, his opinion is, that when thoſe authors affirm that the length of every 
one of the Hdes'of the ampbora was equal to the Roman foot, they write what 
was vulgarly believed upon tradition; not that they were preciſely equal, but 
that they cans the nearclt rot of any known meaſure: in like manner be ob- 
ſerves, 1 To Greek and Roman writers ſpeak of the Roman denarius and Gre- 
ciaydrachmg as of the fame value; whereas they were not exactly ſo, but only 
nner much dit 
and value. 

235 The learned Bp Hooper in his enquiry into the late of the ancient 
I rs, p. 153, and 166, ſhews that the cubieal relation of the amphora to a 
foot, and of the congius to the half foot, was very probably accidental only, 
and not primarily deſigned; and that it could: not be deſigned by the decem- 
vii, facethe doubling the eube was afterward in Plato s time a problem not 
well underſtood by the Greeks themſelves; and indeed by the m it 


Water it was to contain, rather than by the dimenſion of its fides. 
436 The length of the Roman foot being once found, their other mea- 


| known, of paſſages in ancient writers, which tell us 
= — em 


A 


a Wu 


tells 


| appears,.that che capacity of the amphore was to, be. regulated by the weight 
pf the : 


CHAP. 13. ASTRONOMY +. of 


ells us that the palm was the fourth part of a foor; another, that the pace was 


five feet; a third, that the Padium was 625 feet; &c. 

437 The mile was a Roman rheaſure containing a thouſand” paces, from 
whence it had its name i: the pace being five feet, the Roman mile was $000 
Roman feet. There was a gilded pillar erected in the forum by Auguſtus, which 
from its uſe was called millarium aurenm®; it had inſcriptions upon ĩt 
ing the diſtances from thence of the principal cities and towns in Italy; 
in the great roads there was a ſtone fer up at the end of every mile, upon hic 
was marked the number of miles it was diſtant from the milliarium*: from 


hence come thoſe expreſſions, ſo common amongſt Latin writers, ad primu, | 


ſecundum, &c lapidem, to ſignify the diftance of fo many miles; as When Z7vy, 


|. 5, fays the Romans met the Gauls ad undecimum lapidem, eleven miles from 
Rome. The mile, though originally a Roman meaſure, is often made uſe of. 


by ſuch Greek writers as were acquainted with the Roman affairs; it is "2 
in uſe amongſt ſeveral 2 — of Europe, but in a different Places! is of a An 
rent | 
438 Caſſmi® pil to find'the length of the ancient Roman mile ni 
of hs foot which meafured it, by the following method; the diſtance betw 


Narbonne and Nimes is faid by Sg, 1. 10, to be 88 miles; this diflance, - 


when the meridian'of Paris was prolonged, in che manner deſcribed g 415, 


was meaſured trigonomerrically, and found to be 67 500 foiſes; if this number 


be divided by 88, the quotient will be 767, the number of zor/es in a mile; 


and if this lat number be multiplyed by 6, {the product will be 4662, we they | 


caſt away the odd 2 feet as of little conſequence in ſo large a number, and takę 


the round number 4600 for the number of Paris feet in a Raman mie of - > 


5000 Roman feet: the Paris foot then is to the Roman, as 46 to 50, or at 23 


to 25; this is the fame pr! rtion as chere is between the Paris and the mor 
dern Raman foot, and 


anciently. 


430 That this „ wue f 


bebeeen en lh abt” | 


meaſures, is thus confirmed by the fame author, by another inftance: £44 8 
ſtance between Bologna and Modena is fer down in the itinerary of Antonings , 


and in the tables publiſhed by Pranger, 25 miles; this diftance alſo has 
meaſured ieee and found to der * this number 9 


a It is called by Cicero and milliari milliarium, but more 
Dif oak OM . a js Rep Gran 


racchis, 
c Suite den memoires de F Academic Royale — th, 2g 150 4h Pary) eee 
d De Uinerarjis antiguis & recentibue v. Rictial, * 1 C. * 22> +3 _ - 2 „ 4 
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endy the Rornan foot is the ſame now as it was 
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by 25 makes the mile of 766 foiſes, but one 7orſe leſs than it was found to be 
in the preceding ſection, thus the Roman mile and the foot which meaſured i it 
ſeem to be pretty. well aſcertained, 

440 The ſadium is a meaſure of greek — dale the Racy of the 
mcg ground: at Piſa in Elis, where the Olympic games were celebrated; it was 
marieed out by Hercules, 600 feet long, meaſuring it by the length of his own 
N and his ſtature being above the common ſize, his foot was proportional- 
- Ip; longer than that in common uſe: Columella® and Plinyb expreſly ſay, that 
a fladium was 62 5 Roman feet; this number is the eighth part of 5000; and 
 accordiggly 8 fadia are reckoned to a mile: the Olympic ſiadium of 600 Her- 

_ culcan feer is commonly to be underſtood when nothing is ſaid to the con- 
trary in ſome parts of Greece the fadium was ſhorter, conſiſting of 600 com- 
mon feet, of a leſs dimenſion. than thoſe of Hercules: this may occaſion ſome 
uncertainty in ſome paſſages of ancient authors, where they meaſure diſtances 
* the adium, becauſe it does not always appear which ſadium is meant. 
44¹ There is great diverficy i in the modern mile, in different places: the 
preſent Roman mile contains, according to Ricciolusd, 984 paces; which is 
= ut 16 paces leſs than the ancient Roman mile, of 1000 paces: in other parts 
of Italy, the miles are of different lengths: the mile of Ancona, according to 
_ the lame author, contains 1375 Roman: paces; the mile of Ne 12663; 
the mile of Florence, 1270; that of Ferrara but 898 SCW. 

442 The Engliſh mile is very uncertain, if we che diſtances of 
" places by vulgar eſtimation of the number of miles; far then the mile is uſually 
longer, the further from London: the Engliſh meaſured or ſtature mile is 5280 

neliſh feet, or 1059 Engliſh paces, each pace being five feet.® _ 
1 The French reckon diſtances by leagues, which are very different in 
erent parts of France; re 1, the league near 


"8 


Aris, of 2000 toiſes;, 2, the L league, of Pian, 3. the league near 
5 the coaſt of 2853 roles. | | 
44 The ancient Grecian is. generally fappaſed to be in proportion 


to che ancient Roman as 25 to 24, that is to exceed it half a Roman inch: 
| RAR we ate told by Greaves in his diſſertation. of the Roman foot p. 40, and Ar- 
dae in his tables of ancient coins, weights-and meaſures ; but this I chink 
true of the Olympic or Herculean foot: fot from what Gellius ſays I. 2. c. I 
it appears chat the common Grecian foot was leſs than this. Philander in his 
comment c on Virruuſnon mentions a porphyry pillar iu Rome, upon which there 
ng e 1. 1 I . 8. e Gellius lib. 2. cp. *. Cenſorinus de die natali c. 11 fit: ult. 
e res this occaßon, chat if the foot of Hercules was exaQly a fixth part of his height, 


upon 
* ix Roman ſeet and g inches high. Geagy, reforms I 2. 4. d Geogr. reformat. I. 2. c. 8. 
3 9 RPA TITTY: 17 | 


was 
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was an inſcription in greek letters, ſignifying the length of i it to be 9 feet, be 
ſays that he meaſured it, and that the foot there made uſe of exceeded the Ro- 
man but the gth part of an inch: this pillar is alſo mentioned by other authors, 
but was not to be found when Greaves was at Rome, nor ſeveral years before. 
Riccialus takes the common greek foot to be the ſame with the Roman one 
deduced by V illalpandus from the congrus of Veſpafian. _ Py 
445 Caſini gives us the following proportions between the akon 1 45 . 
different parts of Europe, in the Suite des memoires de l Acad. Royale, anner 
1718, p. 250. If the Paris foot be divided into 12 inches, every inch into 12 
lines, and every line inta 10 equal parts, the whole foot will be divided into 
1440 equal parts, of which parts the Bologna foot contains 1682; che Rhin- 
land or Leyden foot, 1390; the Engliſh foot, 13 50; the Roman foot, 1306; 
The toiſe is a meaſure which contains ſix Paris feet; as our fathom is fix 
Engliſh feet, and the Grecian 5pyya was fix Grecian feet. 
446 Greaves compared the Engliſh foot, taken from eee | 
Guild-Hall in London, with the ſtandards of divers nations: he gives us a table 
of them in his AIDS RA e V 52s ef 5 
following particulars. | = 4 e be Wit. 
- Of ck parteai.ales hide Glad aca big {AE EG, 1 LEVY 
The Roman foot, or chat on the monument of Coſſutius e Which 
eee e be of the ſame length with the ſtandard of the preſent R& / 
man foot cut neee the Capitol; under e e | 
contains 734 £54614 ee "Il 96% 


The foot on the momament of Sarin 


let <a: 
The foot of Villalpandus RPE from the Congius of nei, 986 
The Greek foot rn 


: re nr Ab: [41 * x ESA, 
The Paris fomt 2 in * 1 1068 
The Rhinland-or Leyden foot uſed by W WF of 4 


Add to theſe out of Arbuthnot s tables the Bologna foor = 8 
Larger tables of the ancient and modern meaſures b e -od 58 
be ſeen in Ricciolus Geogr. reformat; lib. 3: c. 4; Greaves & ae, bereit | 
Arbuthnot's tables: and in the authors quoted by thoſe writers. 
447 The proportion between theſe ſeveral feer being thus kom, ia 
diſtance be expreſt in one of theſe meaſures, it iseafy to know what it is in 


other of theſe meaſures, by the olden rulet En arne be1 
French, 'or French to Bape @ 505 OE Fr gt 


448 It is a common experiment, RAG rh. cry thy that 195 W's wm 
be pur into motion, NP e or Does e | 
n e 

5 2 wire 
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wire of it is ſhorter. or longer: a pendulum which meaſures three Paris feet 
8.lines.and a half from the center of ofcillation, or upper end of the wire where 
its (wing begins, to the center of the ball, will perform one ſwing in a ſecond 
of time: this then is an untverſal meaſure, whoſe length we ſhall have, if we 
make a pendulum that will perform 60 ſwings in a minute, or 3600 in an 
hour: it has indeed been diſcovered, by the ſame clock going ſlower the nearer it 
Vas to the equator, that a pendulum kept of the ſame length will ſwing flower, 
the nearer it is to the equator, and faſter the nearer it is to either of the poles: 
and goaſequently, that if we would have a pendulum ſwing ſeconds, it muſt 
be made ſhorter, the nearer we ate to the equator; this difference of length, 
. ariling from the difference of lacitude, is however ſo inconſiderable, that a pen- 
_  dulum, which {wings ſeconds may ſerve very well for an univerſal meaſure, 
_ for che greateſt part of Europe. 
449 . een 
„ ſbew hat proportion there is between the different meaſures of different na- 
| __ Lions, as well as if the original ſtandards were compared with one another: it 
would: likewiſe ſo aſcertain thoſe ſtandards, that it would cafily be diſcovered 
if in time to come any change ſhould be made in them. = 
480 It would indeed be very well if all meaſures. of Jength were taken from 
he univerſal meaſure: thus the length of a pendulum which ſwings ſeconds 
_ might be called the univerſal yard: a third part of this might be the univerſal 
foot; ſve ſuch feet the univerſal pace: r eee 
. 
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hos 4... CHAP. 14- THE DIMENSIONS OP THE EARTH, 
3 "451 It has already been proved that the carth is roundÞ; we are now to ſhew 
* che magnitude of this globe of the earth, its circumference, diameter, 
„ _ NS FOE ne yards feet, or any other 


s 
ark 
* 
« 
* - 
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mon er ab eee — 
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dian of Paris was ſo far prolonged, that there was 
berween the elevations of the pole, at the two extremities "hereof 


was but 42 20: the difference meaſured upon the meridian is 
the diſtance between the parallels of Collioure and Dunkirk 8 


2 meaſure of 57060 to a degree, 
different from his own: the earth 1 d 


that all the degrees meafured in a great Hilo thereof are equal, 5 mA 


453 Sincenhere are 57060 toiſes in a degtee, if this number he 00 riplyed 
by 360, che product 2054 1606 will be the number 1 5 contained in a 
* circle upon the eit n 

454 The circumference of a Firde being given, its way de found, 


CHAT. 14. ATR ONOMY + 15 
ed in one degree, or the 360th part of a great circle upon the he the earch} chi um- 
ber multiplyed by 360 gives the whole circumference of a great Hole upon 
the earth, in the ſame meaſure, and ſhews the number of miles, ards, e. 6 
contained therein. fs 


*  Scholium, If the meridian be further prolonged, 10 that there i is 4 e. 


rence of ſeveral degrees between the heights of the pole in the two \ places, 
which are made choice of for the firſt and laſt ſtations, the errors "to which 
the obſervations of thoſe heights of the pole may be liable, Will then h Ayided 
amongſt all thoſe degrees; and will chere be of lefs conſe! Juence, th Ji When 
they are placed to the account of one degree only: ich chis VIEW, "the meri- 

ch difference of abour 812 
4 at the 


north end of it, in the parallel of Dunkirk, and near that place. the 
the pole was 505 51; and at the ſouth end, at Col 1 Ae 


3 in the manner above deſcribed, was foun me 
78 made, to be 4861 56 for 7,010 this number divided by 8” 31.1 7 e give 

1 toiſes to a degree; inſtead. of this, . thought re oper > taſte Pi 

e 


a round bl Ls fig] 
bg f poſed to he 5 1 5 1. 


F 68; thus, from the circumference of à great circle upon 1 855 cartht i the 
abs ſection, che diameter of the 1 is found to be 6350 594.4 torfes; the 
ſemidiameter then is 3 3269297 tolſes: thef © meaſues : are given. us 7 65 8 
in the Suite des memaires de THA. R. ann. 1718 pag. 247 . Faß an a 
the Arras as were before geen ay by Picard, in his meſure de. la terre; art, 2 < 

5 There being fix atis feet in a toiſe, if che waſte. numbers 
uhr by , we ſhall have the ae Abi of the carch. in Paris lege: 


«#4 NHS LRN wks 

One degree of a grear circle 1 upon the earth | eee, "342 

_ The circumference of 7 circle WY FRG ris, 723249600 
The diameter of the e 15 2a 440% bes _ „ ; 
The ſemidiameter of che . 5 PIR W ee 75 Had 19615782. 


a By $ 415. b Sue des mus! 4 dead. K. D 
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9 56: Sine) as according t to \ Greaves s table, a the Paris foot is to che k Engliſh foot, 


as 1068 to 1990; we may by the 9 tule N a W dimenſions of 
the carth in Englih | fert: 


feet 
A degree of a great circle upon he earth ae | 8 107 
A minute e FY 5 6094 
- Aﬀecond is & 1014 
b of a prearcirce Una a ke earch is 131630573 
Ti damerer of the earth is ny 41899310 
Tue ſermigiamurer of the earth is 20949655 


3 NE; If theſe Engliſh feet be reduced to Engliſh mn each mile contain- 


ing 5280 feet, we ul eve 5 ee of the earth in Engliſh 
ſtars re miles: TEN 


I & a * . 
> 638d) „ —_ Engliſh miles 


Lee on 659 

Amate f a degree is uy TEE 192 

: . Fe # F 5 
g 1 . 3907 


| 7 
eee of the Pa 5 W 555 $457, FS ſurface of 
the earth Will by & 204. be found to be 200,000,000 ſquare Engliſh miles. 
© ©459 The ſurface of the earth being given by F 4.58, the ſolid content of 
dhe carth will by 5 205 be found to be 266, 000, ooo, ooo cubic, Engliſh miles. 

460 To find the meaſure of the earth is a problem which, inan like yhood, 
"Jas been ſtudied by aſtronomers, ever ſince the earth was beliebt de ſphe- 
Ficals Lait b.mentions Anaximander, the diſciple of 7 ballen s the 5 a- 
£ the Greeks who wrote upon this ſubject: Archytas c — Tarentum an 

eminent Pythagorean famous for his {kill in mathematics and mechanics, ſeems 
$0 have made ſome attempts this way: perhaps theſe were the authors of the 
ancient opinion we have of the magnitude of the earth, recorded by 
Ari} fle, in his book de cœlad, viz. that the circumference * earth is 
four h . chis is almoſt twice ab much as it has ſince 
| d to be; but ſuch a miſtake, made when aſtronomy was in its 
J pardonable: it is probable Ar:ifarchus of Samos conſidered 
1:60) Se of the earth as well as of the ſun, and moon: Archimedese men- 
"tions the ancients who held che circumference of the earth to be 300000 /tadia: 
"ahi 5, rays uſed by cheſe Geometers does not at preſent appear, but that 


"113 $446: T 1 
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Wind * neee eee inthe hegt es actual mea- 


ſur ing ſome part of the circumference of the earth, is very probable, from. what 


the writer de cælo remarks in the place juſt now quoted ; that we haye diffe- 
rent ſtars paſs through our zenith, according as our ſituation is more north or 
ſouth; and that in the ſouthern paris of the earth we have Hart s eau 
horizon, which if we go northward will no longer be viſible to us.. 
Thbeſe different appearances of the ſtars. point out two ways f meafuring 
the earth; one of which is by obſerving ſtars which paſs through-the Ka. 
of one place, and do not paſs through the zenith of another; che tier by ob- 
ſerving ſome. ſtars which come above the horizon in one place; and are ob- 
ſerved at the ſame time to be in the horizon of anather re 


461 Eratoſthenes, at Alexandria in Egypt, made uſe of the hci of theſe me- 


thods; he knew, that at the ſummer ſolſtice the ſun was: vertical t the, inha+ | 
bitants of Syene, a town ſituated in the confines of Ethiopia, under the tropic of 


cancer, where they had a well built for. that purpoſe,” on cha Bottom oEhhich 
the rays of the ſun fell perpendicularly; on the day of che ſummer ſolſtire; he 
obſerved, by the ſhadow. of a wire ſer perpendicular in an hemifpherical'bafin; 
how much the ſun was on the ſame day at noon diſtant from the zenithbf'A- 
lexandria, and found that diſtance to be a got part of the eweumference-'of a 
great circle in the heaven; ſuppoſing then Alexandria and'Syene to be under the 
ſame meridian, he concluded the diſtance between them to be a g part of a 
great circle upon the earth; and this diſtance being by meaſure 3000 Hatlia, 
that the circumference of the earth is 2 50000 fladia: bur becauſe thisribariber: 
divided by 360 would give 694 fadia to a degree, either Erifofthents himdelf, 
or ſome of his followers,..afligned the round number 200! fagie to 4 


which multiplyed by 360 makes. the circumference of the earth 2 gzaoo Pa 


dia: and this is the 4 why different authors give us theſe two! 
numbers for the meaſure df Brumthena ee 
462 Pofidonns, 
| meaſure the circumferieads of thi Sd, by the other merhod of horizomubob- 
ſervations: he knew thar the ſtar called Canopus was but juſt vifibie i the ho- 


rizon of Rhodes, and that at Alexandria its meridian heiglit w¹b t part 


a great eircle in the heaven, wr; this ſhews what part of U gta ici th 

che earth the diſtance: between thoſe plates amounts ee 

be under the ſame meridian, anti the diſtance between them to be go Hay 

the circumference of the earch wilt be 240000-fladrg: this is che firſt meafure 

of Pofidonius related by Chomedes; a writer of the ſane us wh een, 

nos ON III Aland 
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is Savkadi ends u juſt now ſaid to be. . Strabo® POL 
eumſerentt of the earth, according to Pofidonius, 'to-be-180000 fadia, at the 
rate of ,500///adiaroa degree; the . 2 of this diverfity is thought to be this; 
the ſame author in another placed relates, that Erarofbenes meaſured the di- 
auc een Rhodes and Alexandria, and found it to be but 3750 fladia; 
taking this for a 48 part of the carths circumference, according to  Pofidoni- 
_ #5, che whole CE: will be 180000 /ftadia: this meaſure, in which 
the 'namberiof degrees aſſigned by Pofdonizs and the number of fadia mea- 
ſured by are made uſe of, was received by Marinuse of Tyre and 

9 ochers/abd-ie generally aſcribed to Ptolemy, becauſe he makes uſe af it in his 
geography, where he often follows Marinus. aqa 
463 Tb method of Pofdonzzs is juſtly rejected, becueatihe uncertainty 
of refradtion,in/ſtars chat are near the horizon: the method of Eratoſtbenes is 
explained at large, and corrected by neee Nen e. 3. 
r e * 316 n 

464 Coffin remarks, that, taking exatlythemean betwoen the laſt dimen- 
Rohs o and Pyſabmius, a degree of a great circle upon the carth 
will be 60 undd a minute of u degree 10 ftadia, that is a mile and a 
quires fancier Ronan meaſure; which is juſt a mile of the modern 
Icalinn avatfure; wer the modern Italian mile is equal to a mile and a quarter of 
di ancient menfure, as appears by the diſtance berween Bologna and Modena, 
which R206 modern Italian miles, and was 25 ancient Roman miles: ſo that, 
actordinng to this way of reckoting, a degree of dm circumference of the earth 
— modera Traljan miles, and-75 ancient Neman miles: the circumference 

hearth is 160 modern, and:27000 ancient miles: and allowing 3 an- 
cient wilrs — 2 „ 
* 205 f 

46% Alter Eratoftbenes and Poa ——— wiadouk: of the 
of the pole in — under che fame meridian, to find 
chic Grnentfiont of the carth:; ; thar great of len the Ara- 
þiatis Aimee Oi of Babylon, about the year of Chriſt $00, had the 
diftance'tdeaſured between two places ſituated tivo degrees aſunder, and under 
he ſank; meridian, im the plains of Simat near che red fen: the reſult was, that 
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next attempt to 3 —— of tho earth: purpo 

firſt 2 3 of che pole at Paris, then — . 

wards, till he came to the place where the height of the pole was one 

more chan at Paris, he mæaſured the le — yer Way, 9 

revolutions of the hechof his coach in "which he travelled;-and; after proper 
allowances far the riſings, declivities, and turnings; which: be met wich . 

road, he concluded 68 Italian miles to be contained in a degree 
467 After this Suelliute, an eminent Dutch mathematician, een 

of the pole at Alcmaer and Her gen- op- zoom, and found the difference betwern 


them 1*. 11300. he meaſured the diſtances between the parallels pf choſe two * 


places, by raking deveral- ſtations, and forming feveralrrria $; by means 

whereof he found one degfee to contain 341676 Lee e Aeg 4 
Alo che diſtance be the Pad of L 5 den ind M n ö 
the elevation of the pole half a degree, and by this meaſuringhe found: 342130 


Leyden feet were contained in a degree: he took the mean aunnber between ; 


theſe two, and afligned 342000 Leyden feet to a degree; which, according 
Picard, reduced to French meaſure, make 5505 1.4% ] 0 W oa 0 

468 Our oountryman Norwood, in the yen 163 5, having rakenthecheigh 
of the pole at London dad York; andameaſured: the: 
rallels of thoſe ewo places, aſſigns 367200. Engliſſi feet, 


which is 69 


and 14 poles, to a degree 3 each pole being 16 feet 4: 1 | 


Nerwood is deſcribed by him, in ſmall areal le] e 


469 Ricciolus d alter the year 1654, having made uſt oi krete werbe, . 


determine the circumferericevftlic 3 one d 


paces; which make 61650 Frenelt raijes. I32 iS a | > a3 rex) Mt 7 Ae is 4 


470 About the year 166y;the! Royal ee of Sena 
it worth the while to mae new. rial for the:{ | 
blem; and the rather, becnüſe in the former 
of teleſcopic ſights, which are much'the beſt for — 


view may be directeg to an obje@ at a greater diſtatioe;" arts: 


object with more certainty; and conſ quent! "the! ee 4. 5 
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The fundatwentll baſe of the trigonorgerrical operarions was much longer 
than either Snellivs or Nirtiolus had made uſe of, it has already been defcribed 


$475; the diſtance meaſured was berween the Parallels of Sourdon and Mal- 
voiline; the difference-berween the hei Ats of the pole in theſe rwo places was 


_ 2 little more than one degree; the reſult of the whole' was, that one 
was concluded to contain 57000 70;/es. Picurd in a treatiſe intituled meſure de 
la terre, gives an account of the whole proceſs in this eſſay to find the dimen- 
ſions of che earth, rogerher with a deſeription of the inſtruments made uſe of 
therein, and the manner of adjuſting them: this piece was afterwards tranſlated 
into Engliſh by R. Waller F. R. S. chete is alſo a large extract out of it pub- 
liſhed by Cuſtni, Suite des-memoires de ] Acad. R. ann. 17 18, part. 2. chap. 6. 
471 The meinbers of the Royal Academy at Paris, knowing that the lon- 
portion of the meridian/was meaſured, the more accurately would the cir- 
carfererice of the earth be found , prolonged the meridian of the R. Obſer- 
vacory quite croſs. the kingdom of France, and meaſured it trigonometrically, 
in che anner already deicribed, 5 416, and in the begi aning of this chap- 
ters this work was begun in the year 1683, but no progre ſs was made therein 
till che year F till che year 1718: they made uſe 
oß the fundamental baſe of Picard, as being meaſured with ſufficient accura- 
ey ʒ an account of the whole proces was publiſhed by Coffin; F. in the year 
1720 under chis title, Suite des memoires de 1' Academie Royale des ſciences, 
anne 1718; in this work it is ſhewn, that there are miſtakes in Sᷓnellius, in the 
calculations of ſome of his triangles, ſo that his dimenſions of the earth are not 
tobe depended upon b: it is likewiſe ſhewn-what de ſects there are in the me- 


_  thods uſed by Ricci e, the chief occafions.of which, were his taking too ſhort 


a fundamental baſe, and not ſuſſiciently confider ing refraction. | 
% Though Snellixs had made ſome miſtakes in his calculations, there is 
no room to queſtion. the accuracy of his obſeryations; Holland is, by reaſon 
_ of ns-flargels, the ficeeſt-country in-Durope to.meaſure an arc of the meridian 
thin, and Snellizs; bad this uneommon opportunity of finding the exact 
length af bis fundamental baſe, via. the diſtance between one tower at Ley- 
den and at Souterwode;. a froſt happened, juſt after the country round 
Lehen had been oyerflowed, this enabled him to take two ſtations upon the 
ies, the diſtance between which he carefully meaſured three times over, and 
then from thoſe ſtations obſerved the angles the viſual rays pointing at thoſe 
towers made with the ſtrait line thus taken upon the ice: theſe conſiderations 
" induced Peter Van Muſchenbroek profeſſor of philoſophy and mathematics at 
| Utrecht to make new obſervations, and form triangles upon the fundamental 


5 a See the Scholium to 5 452./ | þ. Suite des aiamaires partic 2. c. 8. een, he memaies f 
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baſe of Snellius, which he did in the year 1700 =: the reſult of his operations is 10. 


this, he aſſigns, 5793 toiſes to a degree, which 4 is but ay taiſas leſs than the 
French aſtronomers had done. I have here given an account of all the at- 
tempts to meaſure the earth which are worth — that of the French a- 


ſtronomers was made with ſuch care and exactneſs, that I chink we may 
very well W therein. * | 
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473 A trul level. furface is a ſegment of any f ERP {is 3 
concentric to the globe of the earth: the ſurface 0 = ſea. or of any rge 
piece of water, when ſtill, forms it (elf into a truly level ſpk face: true 
line of level is an 25 of à great cirele which deim if to be Ydeſcribell up- 
on a truly level ſurface: og pparent level i is a ſtrait line drawn rangent bs 

an arc or line of trye level. e point of the apparent level, except the * 
point of contact, is higher than the true level: chus, fig. 574 let x AG be an 
arc of a great circle drayyn upon the earth, to a perſon who ſtands upon the 

at A the line h 8 N appatent level, parallel to his ratipnal horizon 
xn; but chis line, the further it is extended from his ſtation , the further it 
recetes from the center; for n is longer than ac, d pe is longer chan Bc; G. 

44 Since the ſemidiameter of the earth is known, it ig ealy 26 compute 
how much the apparent level is abobe the true, if it be tnden What the di- 
ſtance of the object 4 at herlzentally is from the ſtatien vf the Obſer⸗ 
ver: thus, fig. 57, let the dbleryer ſtanding at A look through a telefcope 
placed horizontally, at che oecd x here BAC i8 right-anglt Triangle , in 58 
which if Ac be made radius, AB will be tangent; and CB ſecaft of the unge 
Acad; now to find this tang ht, ſay , as the number of feet i Ac the ſemi- 

diameter of che catth In to n ber of feet in AB | distance of the ob- 


ject; ſo is Ac e as tangent; that is, ſos 10000909 to a curth 
number denen BY 18. ent re re ; he tangent AB; being afound in the 
table, we have the Fm Dh ow Which if the Lachs es be taken, the 
. remainder GB is the, exceſs of the Ieaant above the radius; er the Hog of 
the apparent level above the true. Ste che following table. 


« Muſchenbroek Di/ertat. de magnitudize terre. | b 5 456. c 5128. 4 | 
Other geometrical methods of findin out the diameer ofthe cat, withoo ay alan. 
may be ſeen in Kepler, Varenius, Ricciolus, and others: but, from the variablenels of refraftion, they 


are leſs certain than the method deſcribed 5. 452, for which reaſoa I have omitted them. See c 
. faltes en div. endr. p. 16. & ſeq | 
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which meaſured in a great circle upon the earth amounts to 
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Feet. Feet. Inch. | 
9883 © 10. 680 
„ 30 175 

„ 

24376 8 i 

30470 — 24 1. 932 
36564 ” 31 11, 412 

' 1 42638, %g © 42" 5. 436 

a 56-19. gh 
$4040! Q 71 9. 87 

60940 = 98 7. 728 
67034 8 10% 2. 940 
73128 8 127 7. 512 
9222 7 149 9444 
en 

91410 2 199 4. 320 
97594 f 226 9. 264 

103598 f. 265 11. 568 

"_—_ ＋ 236 11. 232 

115786 2 319 7. 188 

121880 C 354 o. 504 

127974 8 390 4-248 

134008 "30/429 5. 352 

140162 C 468 10. 224 

1462 56 3 19 6. 084 

152350 % $53 11. 232 

158444 $99 1776 

154538 846 1. 680 

170632 694 10. 9 
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THE CONTINUATION OF THE FOREGOING TABLE. | i | 


Min. Fee, Pest, Inch. 


31 188914 3851 9. 828 
47 . 1A 833 
201102 965 3. 328 
8 35 f 213290 8 108 ee 
8 36 8 2193 = 1140 676 
E. 37. & 2298 1213 5112 
2 38 8 23172 f 127% 10. 908 
A 39 f 237066 5 1348 2: 004 
3 40 2 24376 8 1417, 1, 764 
4 41.8. 249854 £ 3496 11, 38 
| 2 42 8 255945 Z 1509 10. * 
'L 43 2 262042 183 9. 084 
| 8 44 268 136 E 1716 O. 108 
© 45.5 4230 1794 11. 424 
= 45 3 280324 f 1% 7 oza 
Y 47 $ 286418 f 1958 . Oo 
8 48 5 292512 E 2042 2. 328 
2498 298606 2 2128 2. 016 
& 59 = 304 f 2215 6. 792 
5 51 2 310794 8 2305 6. 472 
g 52.42. 316888 8 229 9. 240 
S 83 322982 24 ie 
S 5h 5 329976 = 2584 8. Bs 
8 55 28 335170 f 2081 4. 704 
= 50. + 341204 2279 9.912 
b. e 
58 353452 © "2982 0. 408 
I 221 59 3359546 3085 8. 628 
0 365640 | 3191 2. 208 x 
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475 The foregoing table is taken from Caſſini a, only his French toiſes, 
feet, inches, and lines are here turned into Engliſh feet, inches, and decimal 
parts of an inchb: one uſe of the table is, an arc of a great circle upon the earth 
being given in ſeconds or minutes, to find the length thereof in Engliſh mea- 
ſure; thus, an arc of 8 is 8 12 feet 6 inches and 4 tenths of an inch; thus again, 
an arc of ad is 121880 Engliſh feet. Another uſe of the table is, an arc of a 
- - - greatcircle- upon the earth being given, in ſeconds or minutes, or in feet and 
inches, to find what is the exceſs of the ſecant above the radius, or the height 
of che apparent level above the true: this is ſo little in very ſmall ares, chat it 
is here given only for theſe numbers of ſeconds, 5, 10, and from thence for 
every 107; in the table of minutes, it is given for every minute, from 1' to 60, 
and then for every 10, from 15, to a: thus, if an are be a0, or 203 1 feet 4 inches, 
tte height of rhe apparent level above the true is 1 inch 186: thus again, if 
© the diſtance of the place of an object from the place of the obſerver be 30, or 
192820 feet, the height of rhe apparent level above the true is 797 feet 8 
inches; Another uſe of the table is, that the diſtance of any object which is 
viewed through fights placed horizontally being given, the height of ic may 
be found or, converſely, the height of the object being given, its diſtance may 


7 
43 
4 


be found: Thus, if the diſtance of a mountain whoſe top is in the ſenſible ho- 
- - rizon be 15 or 91410. feet, the height of the mountain is 199 feet 4 inches; 
thus, converſely, if the height of a tower whoſe top appears in the ſenſible 
- horizon be 199 feet 44 inches, the diſtance of the rower from the place of the 
ſpectator is 15, or 91410 feet. 4.5 

- 476 IFthe distance of an object given be a number of feet which is not in 
©* rhe table, take the number of feet in the table which is neareſt to the number 
_ given; and ſay, as the ſquare of the number'thes taken, is to che ſquare of the 
number gives; ſo is the height of the apparent level above the true, correſpond- 
Ang to the number taken, to the height of the a nt level which correſponds 
t the number given: thus, if it be enquired what is the height of the apparent 


level above the true, when the diſtance of the object is ab ooo feet, the near- 


- - eſt number to this in the table is 201 10a, che height of che level correſpond- 
ag therero is 96 5 feet, ſay then, as the ſquare of 20 1 10a is to the ſquare of 
200000 fo is 965 to a fourth number of fert, by which the apparent level ex- 
ceeds the true at the diſtance of 200000 feet. I have hitherto ſuppoſed the 
Juids df level to be a tangent to an arc of a great circle drawn upon the ſurface 
of the earth, whereas, wn levelling, the eye is yſually ſome height, ſuppoſe 

a Suite det mens. part. 2. chap. 5, b The decimal parts ariſe from turaing French meaſure into 


Kogliſh, but may be neglecded i any meaſure which exceeds 2 or 3 fect. c 
| our 
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four feet, above che ſurfuce Wenig but this makeshodifirencs ;ndevelting: 516. 

for as the height of the eye mult be added to the radius Ae, it muſt be added 57 

alſo to the ſecant en, becauſe ML is ſuppoſed in levelſing to he parallel to HD: 

there is indeed a differenee between endo Al W its quite 

inſenſible. Ricciol. I. 6. c. 24. a % Foy 
477 Another uſe of the table is for levelling, 1 in * to convey water from 

one place to another, Leveling is the art of finding out whether two gwen 

points above the ſurface of the earth are of equal height, chat is equally di- 

ſtant from the center of the earth or not; and, if they are of different heights, | 

what that difference is: thz common methods of levelling are ſufſicient for 

laying pavements-or walks, for conveying water to ſmall diſtances, for placing 
horizontal dials, or aſtronomical inſtrumnents: but in levelling the botroms of 
canals which 3 to the diſtance of many miles, the diffe- 

renee ch ad dus level muſt be taken. into the account: 

1 let it he re- 58 
be tau ſhall be a brue level from 4 to B, of the 

| DE es een is do place the levelling in- 
owt A, and looking through the ſights pla- 

ig} fer. up perpendicular at 'B, ith make a mark where 

che avr Ferber de asd; Fey Seer 


the viſdal ray or þ 0 | 
bottom of the canal at 
ye us @true lov: 1 1 


+ muſt be funk in 
: be 4 feet below dy B mn | 
mentioned the eri M WHrzrife frot rn Teve end of the 
line to be levelled: n ee it; but In moſt caſes, it is bet- 
ter to take a ſtatiom i f the line to be lebelled; thus, if the points 
x and & are tobe E lace che inſtrument in in middle at Az and ſet- g 
ting up ſticks perpendicular at u Ad-, marks up 5 
ee, Nints, as and xichale palots tedevel: and if you fink u. 
Is ele A will be a che level. When the bottom 
of a canal is thas truly-leve A water be let in at due end, it will riſe to the 


height at the other, IH rr be required to run with any velocity, that 
is of another conſidergtioh: d river rid fun, though Yery flowly, which hath 
not above ſix inches deſcent de v be rue bevel #4.mile in len W . 


ver. whoſe water is foul--be'raquared 
its foulneſs into the ſeag NSE inn 
true Web in a mile! OI 112.5 
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FIG. in that affair. vide Rictial gegr. reformat. I. 6. c. 24. The viſible horizon hath 
been already delcribed, and hath been ſhewn to have a different extent at a 
different height of the eye; I now proceed to a further conſideration of it, 
478 The ſemidiameter of the earth and the height of the eye being given, 
| 59 the extent of the v1/ible horizon is thus found; let Apx be a piece of a great cir- 
=: cle upon the earth, c the center of the earth, B the eye of the obſerver, Bp 
; the — of the eye, BA and BE lines drawn from the eye touching the ſur- 
face of the earth at A and e, and terminating the viſible horizon, the length 
of BA is required; in order to find it, proceed 1 in. this manner; add DB the 
height of the eye, which I will here OR to be 5 feet, to-DC the ſemidia- 
meter of the earth, which is 20949655 feetb, and you have the length of CB, 
. 20949660 feet; draw c A, and you have a triangle BAC, Whoſe angle at A is 
1 right one, by 5 28, make the hypotenuſe cs radius, and CA will be the fine 
of the oppoſite angle A Bc, & 140 caſe 1 ; ſay then, as Cx is to ca, ſo is the 
whole fine or radius to the ſine of the angle ABC; chis angle being found, its 
complement acs is known ©, and conſequently the are Ap is alſo known, and 
= = | may be found in fect or miles by the 4, or by 9 4563 thus, in the example 
-= before us, as 209490060 1 is to 2094055, ſo is the tadius 10000000 to a 4 
I number, viz. 99999933 which number, is the fine of an angle of 89 560: 
the angle asc then is 89 56, and therefore its complement ACD * and 
the are vA is 4:5, that is, by the table f 24376 fee. 

479 The depreſſien of the borizon of the ſea at a given height of the eye may 
59 be thus found by calculaticn: in fig. 59 it the eye be at , the ſenſible horizon 
5 is F , the depreſſion of the horizon of the ſea is che angle FBA, which, being 
| = the complement of AB c, is Sos! to ACD, that is 4, by $478. 

59 480 Since the depreſſion of the horizon of the ſea, or the angle xs A, fig. 
59, may be found by obſervatiqn, F. 294; the: extent of the ble . at 
any height of the eye, may alſo be found by abſervation: for its ſemidiameter 

59 v differs hot ſenfibly fram an arc of a great circle upon the earth of the ſame 
number of minutes and ſeconds as the angle of depreſſion js obſerved to bes; 
and the number of ſeet contained in that are may be found in the table h, thus, 
if the depreſſion of the horizon is 30, the ſemidiameter of the viſible horizon 
is alſo 30, that is, by the table, 182820 feet. Different authors give us diffe- 

rent extents of the viſible horizon: either becauſe they differ in the meaſure 


f 
g 


r : * 
„eee 


of he catth's ſemidiameter from whence it is computed, or in their ac- 
. count pf the meaſpres which they make uſe of: thus, when they differ in the 
* nuraher of Hadia, it may be becauſe they differ in the meaſure of the ſadium: 

, Vid. Rixewol, gegr. reformat. I. H. c. 22. Varem l. 3. c. 34. 
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CHAP 15. ASTRONOMY. 137 | 
- 48x The following table ſhews the different deprefſion'of the horizon of 
the ſea at different heights of the eye, as it comes out, calculated from the di- 
menſion of the earth, by the method taught g 294 and as it was found by 
obſervation, with the difference between theſe two, which is owing to refrac- 
tion: it is taken 1 4th _ I WT his e 5 


feet, 
T he height of che eye above ' The IPRS of the 
the ſurface of the ſea. horizon M * Ia 
Feet Inches ot toons i e 


8 . i 32 30 by l * 43 
F157 5 ; 9, | 722 18 * ere , 85 
Difference by refraction 4 34 2220 D la ak digen el 


4 8 2 1 8 n 


l 6 27 © [by obſervation ' 
778 273 Ws 36 bye calculation | 
1 7 


: Difference by refraction 2 36 43 024 vio 

10 — 9 N nin mana 
* 1 — 17 

11,0 * 455 24 0 by obſervation f 


| 71 25 28 N pt roar ts 4 ils 
1 Difference by refrition e rao Irs Bal if od ol 


whit [is 122 Al N IN 


Mol Gow eco! 19 4 obſeivicein: nien 
8 387 ET | 227 4 Tn: 20011 


Difference by beten + nd” oo. +1 2-0 4 ay 


© ;5 © by os 
3 = 13 by cation" 
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| — — 

Difference oy refra@tion 2 1 „ 
Din nne. 77 22 
13 9, by obſervation, FE 
15 90 2. el 

175 - 34 2 41, TH rn, t 
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In the foregoing table the calculated depreſſion is greater than the obſer- 
ved, in all the obſervations except the laſt, in which the calculated is leſs by 
2: but Caſſini ſays his inſtrument would not diſcover ſo ſmall a difference. 

482 Refraction makes all diſtant objects appear higher than they would 


59 do' — it: thus, fig. 59, without refraction, the moſt diſtant part of the 


ſea viſible to the eye at 3 would be A; but refraction lifts up the parts of the 
ſea which are farther from the eye than A, fo that the tangent or viſual ray 


hall fall upon a more diſtant point, as n; and conſequently thE extent of 


the viſible horizon is enlarged by refraction: for it is pH inſtead of DA: re- 
fraction alſo makes the * of 3 leſs than it would be, namely 
HBF, inſtead of ABF. . 

483 It hath already been obſerved, that refraCtion is variable, conſequent- 
ly the angle of depreſſion and the extent of the viſible horizon are ſo too, in 
a ſmall degree, at the ſame height of the ey e: Caſſini, in the place laſt quo- 
ted, tells us, that even in the fineſt aig refraction is different at the ſame 
hours of different days, and at different hours of the ſame day: the truth of 
this is eaſily ſeen, by fixing a teleſcope with croſs hairs, ſo that the weather- 
cock of a diſtant ſteeple may be viewed through it: for, at different times of 
the day, the weathercock will ſometimes appear in the center of the object- 
glaſs, ſometimes above, and ſometimes below it: the ſame experiment may 
alſo be tried with plain fights: it hath long fince been obſerved, that the top 
of a diſtant hill may at ſome times, that is, when refraction is greateſt, be 
ſeen from a ſtation from whence at other times, when refraction is leſs, it 
cannot be ſeen, though. the weather be ſufficiently clear. Ricciol. geograph. 
__ I. 6. c. 14. et de lumine. . aur. P- 200. 


— .a — 9 — —-— 


CHAP. 16. THE MEASURE OF A DEGREE OF LONGITUDE IN 
DIFFERENT PARALLELS. 


484 It hath already been — b that parallels to the equator grow 
leſs and leſs, the nearer they are to the poles: now fince ſimilar parts of dif- 
ferent circles are in the ſame ratio to each other as the whole circles are, it 
followeth that the length of a degree in any parallel is as much leſs than the 
length of a degree in the equator, as that parallel is leſs than the equator: 
thus, if the circumference of a parallel i is equal to two thirds of the circum- 
ference of the equator, a degree in that 3 will be equal to two thirds 
of a degree in the equator. 


a 5.295 b 6. 335. 
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CHAP. 16. 
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Deg. of lat. Engl. feer. dee miles. 
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15 ASTRONOMY. BOOK 7. 
FIG. The meaſure of a degree in any parallel is found by the following propor- 
tion: as the radius is to the coſine of the latitude of any parallel, fo is the num- 
ber of feet, yards, miles &c. in a degree of a great circle, to the number of 
60 feet, yards, miles &c. in a degree of that parallel. Demonſtration, let x yqu 
be a meridian drawn upon the earth, x q the equator, FB a parallel, ſuppoſe 
of 40*: I ſay the circumference of the equator 4s to the circumference of the 
parallel FB, and conſequently a degree in the equator or in any great circle 
is to a degree in that parallel, as cs the ſemidiameter of the equator is to 
AB the ſemidiameter of the parallel: but A; is coſine of the arc BQ which 
1s the 1 latitude of the parallel rn; therefore a degree in the equator Is to a de- 
gree in the parallel, as the radius is to the coſine of the latitude. Q.E. D. 
Bycthis propoſition the foregoing table is calculated, which ſhews the mea- 
ſure: of a degree of longitude in the ſeyeral parallels drawn through every de- 
gree of latitude, from the equator to the latitude of 70. In the firſt column 
of the table is the degree of latitude, the ſecond column ſhews the meaſure 
of à degree in engliſh feet, the third column ſhews it in geographical miles 
and decimal parts: 4 geegraphicol mile is the fixtieth part of a degree of a 
BA a upon the earth. 


6 "4 
rig ond 3 þ Sv $I | — 
= * Es - . * 


C 


* CHAP, 17. run USE OF THE TERRESTRIAL GLOBE. 
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15 The be err globe is an a image of the &irth in little, which exhibi 
| ro our view the ſurface of the earth and the parts thereof, as ſeas, continents, 
iſlands, lakes, rivers, countries, kingdoms and ſtates, &c. in their proper di- 
61 me ſhape and ſituation. See fig. 61. 18 — 
490 It hath already been obſerved, that we may imagine what circles we 
pleaſe to be drawn upon the ſurface of the earth: ſome of theſe imaginary 
ciel as the equator with ſome of its parallels and ſecondaries, are actually 
draw upon the globe; others; as circles of diſtance, or poſition, the horizons 
and meridians of different pon, may be rp IN by ty appararus of fur- 
_pithre of the globe. %%  GADSS 
487 Te equdtor,” deſcribed $ 298, is Sa with double wad ſometimes 
with treble lines, and is divided into 360 degrees of longitude, beginning 
at the firſt meridian; in large globes, each degree is ſubdivided into halves 
and quarters of à degree: the equator ſhews at once whether * given place 
vpn the globe. is in north or ſouth latitude, $ 326. 
488 Secondaries of the equator or — tl deſcribed 8 299, are, upon 


W globes, uſually twelve in number, ſo that there are twenty four on 
graphi 
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CHAP. 17. TM ASTRONOMY. 5 141 
graphical meridians, deſcribed q 300, drawn at equal diſtances, | one through x16. - 
every fifteenth degree of the equator ; the firſt meridian, deſcribed ᷓ 39 
is diſtinguiſhed from the reſt by double lines. Theſe meridians give a gene- 
ral view of the longitude of places, but Maw it e as Oe 
ly through which they are drawn. 
489 Te errefiridl parallels, deſcribed'$ 33 5, are W drawn ron cmd fide 
of the equator, through every tenth degree of the firſt meridian: they give a 
general view of the latitude of places, but ſhew ir accurately in thoſe places 
only through which they are drawn. In large globes, both meridians apd pa- 
rallels may be more numerous. The Gy which cut the eg 1 e. 
will be conſidered hereafter.. f 705 0 
490 The tropics, deſcribed & 390, \ the a circles, deſcribed ry 37 ; 
are drawn with double lines, to diſtinguiſh them from the other parallels. 
The zones, deſcribed $ 401, are . ſeen vpou! the oh "The fupniture of 


the globe is now to be confidered. © = " kat 21: 40 
491 The axis of the-globe is a rake ee chrough che glabe a the 
Poles, and repreſents the axis of the earth, deſcribed 5. 299. 


492 'The meridian of the globe is the braſs circle in wrhdch the globe i is ſuſ- 
pended by the axis: It hath one fide graduated, or divided into 360 degrees, 
the e edge of this graduated fide is properly the meridian, een 
3 299, and divides the globe into the eaſt and weſt hemiſpheres 
493 The meridian conſiſts of two ſemicircles; one of them as , ri is 61 
commonly made uſe of to expreſs the geographical meridian, deſcribed 5 300, 
is divided into two quadrants, the degrees whereof are numbered 10, 20, 30, 
Kc. to 90; beginning at the equator, and proceeding towards Sach of the > 
* poles, in order to ſhewy the latitude of places: the other ſemicircle apo which 
© repreſents the oppofits meridian, deſcribed d 300, is alſo divided into two qua- 
drants, the numbers thereon 10, 20, 30, &ec. proceed from each pole towards 
is equacor; in order to ſhew the elevation of the pole. 

494 The geographical meridian is generally meant, when wo ſpeak of the 5 
"meridian in the uſe of the globes. The zenith point of the meridian is the point 
directly over the center of the horizon of the globe, as L Isg g GI. 61 "eo 

215 The borizen of the globe is the wooden circle on the top-ofi . 
hi ports the meridian, with the globe ſuſpended therein N th up | 
"fide of Rick 12 * is properly the — and repreſents the plante of the | 


4 


when this is done, the globe is ſaid to be fectißed to the hevi#6n'of that pla 
* thus,” fig. 61, London W i ogg the's center A e und 


ihe 6 
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. 6 noon. Sce fig. 63. 


rod BOOK 1. 


FIG. globe is reQified to the horizon of London. How to rectify the globe to the 
- horizon of any place will be ſhewn F. 509. 
Tube horizon hath two notches for the meridian to {lide i in, when different 
elevations of the pole are to be exhibited: there is alſo, on the bottom of 
61 the frame, a little piece of wood marked u, with a notch in it cut in ſuch a 
manner, that the meridian, ſliding therein, may always interſe& the horizon 
at right angles, and be ſuppor ted at a proper height, ſo that exactly half the 
globe and half the meridian may be always above the horizon. In uſing the 
globe, the graduated ſide of the meridian is to be turned towards the eaſt ſide 
of the 3 as in fig, 61. . 

496 The e of the globe hath ſeveral circles ppon it, among which 
1 ſhall at preſent only take notice of the circle of the winds, leaving the reſt 
to a more proper place. The circle of the winds hath the 4 cardinal points, de- 

ſſcribed g. 299and304, asalſothe intermediate points, inall 32, with their names, 
or the initial letters of their names, theſe are called the points of the compaſs : 
it is alſo divided into 360 degrees, in order to ſhew leſſer deviations from 
the cardinal points. The circle of the winds may be drawn upon paper, acard, 
62 or any horizontal plane, and is then uſually called he compaſs : fig. 62. 

497 To;/et or rettify the compaſs : if the meridian line of a compaſs, that is the 
e which is drawn through the north and ſouth points, be placed exactly 
cover, or parallel to a meridian line of the place where we are, its points will 
then ſhew vs the reſpective points in the horizon of that place; its north 
pune nd oma rhe north, gu . towards the eaſt, and fo 
of 

61 498 The ber circle js a fmall circle of braſs, re, ſo placed upon the me- 
Aridi as to have one of the poles in its center, and that uſually the north 
pole, bocauſe the northern part of the carth fall moſt 4 under our 
«conſideration, It is divided into twice 12 er 24 equal parts, to anſwer the ſe- 
veral hours of che natural day, the two figures of 12 are to be placed exactly 

61 oer the the 12 on the ſouth fide at expreſſes 12 at noon, the 
ocher 12 at for 12 at night. The numbers on the weſt fide ſhew the 
from noon to midnight, the numbers on che caſt fide ſnew the hours 


499 The hour index is a ſmall. braſs pointer, to be put upon that end of 
che axis which paſſes through the center of the hour circle: if the globe be 
{ curned round in the meridian, the axis will carry the hour index round, fo 
24s to make it point ſucceſſively to all the diviſions of the hour circle: how- 
ever; the index is moveable upon the axis, fo that we may hold the globe ſtill 
75g A 1 
| 500 
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CHAP. 17. — wD- ASTRONOMY 143 
zoo The odr * Alkicude ls 2 "thin narrow flip of brad bent into a F1G- 
quarter of a circlefig-b4, with dne edge divided into 90 degrees, it hath at 64 
one end, which may; be called che center of the quadrant, a ſcrew, to faſten 
it to the zenith paint Grethe meridian, the other end is at liberty, and * 
be carried round the horizon. | 
50 1 To find the diftance Awe eu ach upon the "Hobs: lay the qua- 
drant of altitude upon the globe, ſo that the graduated edge may paſs through - 
both the places, and ohſerve how many degrees and minutes are between 
them: or thus, with a pair of compaſſes, ſet one foot upon one place, and 
open the compaſſes till the other foot ſtands upon the other place, then, car- 
ry this diſtance to the equator, and, ſetting one foot of the oompaſſes upon 
the firſt meridian, obſerve how many 2 and minutes it is, 1 ng hy 
may turn. into engtiff miles, by 5. 457 el 
Joa To find all places that are at £ JON di ance g a ah eus; for | 
Eupke to 9104 I plages that are ten degrees from London: open a pair of 
compaſſes till they ure ten degrees upon the equator, then, ſetting one 
foot upon London, turn the other round, and it will paſs through all the 
Places that are ten degrees from London. By the ſame method, we, may fin 
all places that are at an qual diſtance from any given place: thus, ſetting 
one foot of a pair of comfy upon. London, and turm ug the — — 
through Rome, we may ſes alk places that are at the ſame diſtance from E on- 
don that Rome is; wan pe places are nearer to, or further from London 2 


than R 
ry i if any place \ upon he globe? e 


503 To find the latiti 5785 
the meridian, and the rec and minute under which It: lies ſhews/its lari- ; 
be 


rude: thus, bring London fo the meridian, as in fig. 61, and it N 
in 51 37 north latitude- yt under the equator de Abet che . 
it w Boe we it has no latitüde, 4 ” a 


meridian, the mark 


zog 75 find all plapes which = the ſame latitude with a given places: ſup- 
poſe the given place be London, turn the globe round, and all places — a 
paſs under the ſame point of rke meridian that London Goch, have the ſame 
latitude with London, To find the difference of latitude bf two given places up- 
on the globe, as Londoa ad Paris find 9 Andes each rug wy 5 593, ; 
and the 3" phony Known. 5 N 
505 To find the longitude © ace upon the bri 4 ace to tho | 
meridian, and the rea ke fe 'of 255 . . ing th la paſſes - 
through | is the longitude: thus, 1 be brought to the meridian; irs lon- 
gitude will appear tq be 125 upon our e globes, 7 7 „ have the | 
firſt meridian gs ng e don. I 0 1 
$06 ” Who 


FIG. 


ASTRONOMY BOOK 1. 
$06 To find all places which have the ſame longitude with a given place: as 


Naples, it is ſufficient to bring Naples to the meridian; for all places then 


under the meridian have the ſame longitude as Naples: & 307. To find the 


difference of longitude of two places: find the longitude of each place by 5 
505 and the difference is eaſily known. | | 
Foy Tofind a place upon the globe, its longitude and latitude being given: let 
the place be Aracta, the longitude of which I find, in the table 5. 33 1, to be 
44, 55 caſt from London, and latitude 36*. o north: bring 44*. 55 of the 
equator to the, meridian, and under the 36* of N. latitude is Aracta, or the 
place where ir ought to be: for this method will ſerve 20 inſert a place upon 
the globe, its longitude and latitude being given. | 

Fog Jo reftify the globe to the latitude of any place: let the place be Lon- 


don, which, by the table F. 331, is in 51". 31 N. latitude: move the braſs 


61 


meridian in the notches till the north pole of the globe is elevated 519. 3 above 


the north fide of the horizon, that is, till the elevation of the pole is equal 


to the latitude: as in fig. 61. | 


50g To rectiſy the globe to the horizon of any place, as London : rectify the 


globe to the latitude of London, by F. 508, and bring London to the meri- 
.dian; the horizon of the globe will then repreſent the horizon of London. 


. $10 To find towgrds what point of the compaſs any place lyes from a given 
place: if it be enquired towards what point of the compaſs Lisbon lyes from 
London, rectify che globe to the horizon of London, by F, 509, ſcrew the 


center of the quadrant of altitude to the zenith point of the meridian, and turn 


the other end round till the graduated edge paſſes through Lisbon; then ob- 
_ ſerve what point of the horizon in the circle of the winds the graduated edge 


paſſes through, which in the preſent caſe will be S. W. by 8, we ſay then 


Lisbon lyes South Weſt by South from London. 


F- pe enqu 


517 ch the angle of poſition between any place and a given place: if it 
ired what is the angle of poſition of Lisbon and London, that is, what 


angle a great circle drawn through theſe two places makes with the meridian 


of London, do every thing directed by 5 510, and obſerve how many degrees 


of the horizon are contained between the graduated edge of the quadrant of 
altitude and the meridian ; which in rhe preſent caſe will be 33 degrees 45 : 


the angle of poſition of Lishon with regard to London is then 33* 45. 


312 To refify the globe to the meridian of the place where we are, which 
- js che ſame thing as 70 rettify the globe to the fituation the earth is in every day 
 aoben it is noon in that place: ſuppoſe the place is London, rectify the globe to 


till the north and ſouth points of the horizon of the globe are towards the 
de | | R n 


the horizon of London, by 5 509, then turn the frame of the globe about 


orth 
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north and ſouth: che ſouth may be known by the fan at noon; che körtch, by v1 
the pole ſtar any time ef the night: the globe! ma) alſo be reftified to the 
meridian of any place, by meridian line, ot by'3'tnagriett needle in a com 
paſs-box, which I ſhall therefore now deſeribe;*/ (vp NAIR I hv 
513 The loadfione hathy, beſides its poet of air rom and ſteeh 4 
certain polarity, or power bf turting A ſelf, e ſuch Aninter, | dne point : 
in its ſurface ſhall ſtand cowards the ud che ofipelite poiftt towards 
the ſouth pole of the earth; for whichreafdn, ints are called the north 
and ſouth poles , 'the Hanau: this may he e a Toadftane 
in cork cle it will ſwim, and putting it into water, whete, F rightly bal 
it will turn its poles towards the reſpeQve poles of the earth; nearly N 
not exactly; a loadſtone properly kilpended by a read will ed che 
fame manner.” This polarity or verricity is communicated to irh ot ſteel, by 
rubbing them upon the loadſtone, ſo that if a needle or ſtrajt piece of wire 
properly touched wich a loadſtone be thruſt through 4'rounE piece of Coe 
and thrown i into water, it will, as it ſwims, turn its ends notch and fo: 
a ſmall long piece of ſtoel thus touched, ibn little braſs focht in the mic. 
dle of it, by means wheredf'it may be ſuſpended in an borzqntal poſition: 
as to turn freely about, apoꝶ i ſharp pointed pin ſet perpendicular, is be mag- 
netic needle, fig, 65: if a-cdthpaſs be drawn at the bottom of a box; and the 65 
magnetic needle ſuſpended over its center, it makes the common conmpaſs-box,” : 
hig. 66; which ſhould be made of braſs, wood, glaſs, "marble, &c: with this 66 
caution, that, except the needle, there be no iron or ſteel about Irs left it ſhould 
affect: the verticiry: ſome have thought chat a braſs box is not proper for ac- 


curate obſervations, en Slings of ien ſhould chance to be raixed With the * 
—_ Tk BCT 3 77 
514 To ſet the compaſi-box, ſo that the points of e 
towards the reſpectiye points of che horizon of che place where we-ak 
the box upon a table, or any level plane, with this caution, chat ng h 
ſteel be near it, then turn the box gently about, al the eedi/after brat : 
al 


to equal diſtances on each fide the meridian line of the compaſs, reſts'exa 

over it; that line then points north” and ſouth. The ui only in à few 

places, for in almoſt every part of the earth, there is a variatipn of the needle; 
that is, it does not point exactly north, but declines from tho meridian, 't6= | 
wards the eaſt or weſt: thus, this preſent year 1736, che variation was ob- 

ſerved at London, by Mr. Graham, as he informs me, Vn be 1515, wet 

The preſent variation of the nere in the place where y Lake mult be kno pen. 

in Ne to ſet the r re 


01 200 4 
1 20 _ ” 10.1 3621.34 10 


$15 Tha 


„ * 


146, ONO ay; A .BOOK: 1, 
10, 315 The variation 1 le is not only different in different parts of 
the earth, ſo as to be caſt in ſome, and welt in others, at the ſame time, and 
more caſt or weſt in. one place than another; but there is alſo a variation of 
the variation, that is, the variation in the ſame place changes in a tract of 
timez,.chus, in the ver 1576, when, the variation was firſt diſcovered by 
Norman. ar London, it Mas 1 15. 1 F, eaſtwards in the year 1665, it was 1, 
22.30 W weſtward; in the, year 1666, 1. 34367, weltz in the year 1722, 
14. /, welt; in the year 1736, 15%. 15.; weſt. See Whifon's: Hiſtorical Pre- 
face co his treatiſe of the dipping needle, p y. See alſo Phil. Tranſact. N. 40. 
516, There i is alſo a very {mall variation of the, variation amounting only 
to a few minutes of à degręe. in the —— different hours of the ſame 
day, but chis is diſcoverable. only by ve ee eee no notice 
can be taken of it at ſea, and the ſetting 2 globe not require ſuch ex- 
actneſs; I only mention it here, becauſe I am ſpeaking of the variation. By 
Mr. Grahem's obſervations made in London from Feb. the 6th, 1722, to May 5 
the, 10, 1723, the greateſt variation was 145. 4 5/; welt; the leaſt 135. ꝙ0, welt: 
See Phil. Tranſa#. N. 383. It has alſo been obſerved, that different needles, 
| efpecially.jf touched with different loadſtones, will 4. a few minutes in 
| hag variation. V. Polen epiſt. Phil. Tranſact. N. 421. 125 
37% To find the variation: ſet the meridian e 
a meridian line, or, if the compaſs-box be ſquare, lay one of the ſides to which 
66 the meridian line of the MOOG or 0d; dporia tuatidias line, 
and the needle will ſhew the variation. 
518 Some large globes have a compaſs-· box u potche'pedeſial, 4 lx, fig, 
61 61, if the compaſs- box be ſet by & 514, the e a le en of che gob 
will be directed towards their reſpective points in the horizon of the place 
where this globe is, and the globe is then rectiſied to the meridian of the place. 
519 To recktißj the globe to the preſent fituation of the earth, at any hour of the 
day: if you be in London, and would bring the globe into the ſituation the 
earth is in at four in the aſternoon: rectify the globe to the meridian of 
London, by 5. 5 12: ſince the rotation of the earth carries the meridian and 
hour- circles of London upon the globe coinciding with the like circles upon 
the earth, the ſituation of the globe will then correſpond to that of the earth, 
and if it ſtands in the fun, it will be illuminated as the earth is. 
520 The hour of the day being given at one place, as London, to find what 
| hour it is at any other place upon the globe, as Naples: rectify the globe to 
ey the horizon of London, by 5 599, ſet the hour index at 12 at noon, turn the 
= i globe round till Naples is at the meridian, the index will then ſhew what 
_ _, +—hauritisat London, when i iis noon. at Naples: thus, if it points at ay 
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the morning, it ſhews:that it is eee 9 * 
at Naples; and conſequently, whatever is che time given ard, 
of the day at Naples is an hour forwarder in the ae in 2 5 
. London, it is 3 intheafternoon at Naples &cc: chis problem may. 
more accurately without the globe, by $ 333, and che table $, 331;,chels wor m9 
ſhew us that the ting, of the day at Naples is fifty nine minute and.ons 
cond forwarder than,at, London: it may be proper.;to.abſerye once Brat 
that though globes ſexyg, very eben de che imagination, in conceiving, t| 
nature of problems 4p be ſalved, vet they camqt one v to de AC 
calculation, i in the ſolutions help us .. 567 mM Angi 10 egi 
ge In the ſeaman's compaſs, the circle of the winds is dran upon 4 card, 
on the under fide of which, under the meridian line of the compaſs, the mag- 
netic needle is fixt,, whjch,is then a thin plate of ſteel of the ſhape repreſent- 
edbg, 67,0ronly;rwo;wires,;figi 68, with a mall braſs ſochet by Where- 
of the curd is ſuſpended, horizontally upon u ſharp pin, ſet upright in 2 box, 68 
and directed by the veriicity of the needle, ſo chat, by looking chereon, the 
points of the compaſs in the horizon of the place where: the;ſhip is maꝝ be 
known, allowance being made for the. variation: the ſeaman's Smpaſi-box 
hath a weight at the bottom of it, and is hung i in two braſs ciseles to keep it 
in an horizontal poſition, the motion of che ip it is pla- 
ed in che ferepart of che ſhip, where the pilot ſits, and/by:lookingpontbis 
compals is able to know. entry moment, the points of che compaſe inthe 
horizon of the place where the ſhip is; and conſequently can ſtæer her towards 
what point he pleaſes. Ho to find the! hitec ſea ſhall ibe thewn. bere- 
aſter, __ 2/10 mon gaoy ni Aves 23 10 00g 211 noqu 2odrnotob qi, 
Tully zich " 169 vaintsrir ads ni Jo bh: 3d Vie aids nol 
Sete 02 go: ow og oon oro mort www N wh 087 
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BE. | IT ries, mus 0 .compals; .know 
| he line in which de ſup; b ce on e | 
know, in any part of the Voyage, E the globe 1 9 
$23 For the firſt, the knowledge 1 995 2h the plar © 
ces berween which a yayage, is ro be made | 
of geography, | our  beipg acquauny 
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a __ ASTRONOMY BOOK l. 
0. ning out of the ſhores, the ſigns of being near land, which are, in ſome places, 
the appearance of ſome ſorts of birds, the floating of weeds upon the furface 
of tke ſea, and mT near land, the depth and colour of the water: moreover, 
the knowledge of the time of the winds ſetting in; particularly of the trade- 
winds or monſoons: the ſeaſons when ſtorms and hvrricanes are to be expect- 
ed, and the figns of their approach: the motion of currents, but eſpecially 
of the rides: all which'is to be learned, by the uſe of good fea- charts and jour- 
nals of voyages, but chiefly by obſervation and experience. 
- 524 The ſetond thing required in navigation is, to know at all times the 
points of the compaſs in the horizon of the place where the ſhip is: the an- 
cients; to whom' the polarity of the loadſtone was unknown, as well as its 
power to communicate that property to iron and ſteel, uſed in the night to 
find the north, by the pole ſtar; in the day time they found the eaſt or weſt, 
© by che rifing or ſetting of the fun; the method of doing this ſhall be (hewn 
” hereafter. Another way they had of knowing the points of the compaſs was, 
by a. view of the land: for their maps ſhewed the bearings of one head-land or 
cape from another: for this reaſon, the ancients could not venture far from 
ſhore, where chey could have nothing to direct them in bad weather, when 
neither ſun nor ſtars were to be ſeen. The moderns, beſides the methods uſed 
by the aneientz, Rave the advantage of the feaman's compaſs, deſcribed in the 
foregoing chapter; by means whereof, they can, at any time, in the wide o- 
cean;' and in the darkeſt night, know where the north is, and conſequently, 
the reſt of the points of the compass. . A 
Faß The third thing required to be known in navigation is, the line which 
a ſhip deſcribes upon the globe of the earth, in going from one place to ano- 
ther: this will be treated of in the remaining part of this chapter. 
526 The ſhorteſt way from one place upon the earth to another is an arc 
of a great circle drawn through the two places: The moſt convenient way for 
4 ſhip is that by which we may fail from one place to another, directing the 
ſhip all the while towards the fame point of the compaſs: a ſhip is guided 
by Reering ber, or directing her progreſs towards ſome point of the compaſs: 
the line wherein a ſhip is directed is called the ſbips courſe, which is named 
from the point towards which the fails: thus, if the fails towards the N. E. 
point, her conrſe is ſaid to be north eaſt: in long voyages, a ſhips way may 
69 conliſt of (&veral different courſes; as from 4 to s, from s to c, from c to v, 
fig, 69: when we ſpeak of a ſhips courſe, we confider one of theſe at a time: 
navigation would be exceedingly perplexing, if the courſe were every mo- 
ment to be changed; the ſeldomer it is changed, che more eaſily is a ſhip gui- 
ded: and therefore that courſe is the moſt convenient for ſailing, _— 
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CHAP. 18, 3 ASTRONOMY 249 
the ſhip is directed, all the while, towards the ſame point of the compaſs. 10. 
527 If tuo places A and 2 lye under the ſame meridian, the courſe from 
one to the other is due north or ſouth: thus, fig. 70, let 42 be part of a meri- 70 
dian, if A lyes ſouth from 2, the courſe from A to 2 is north; and the courſe 
from 2 to A is ſouth: the truth of this is evident from the nature of the meridian, 
that it marks upon the horizon the north and ſouth points, and that every 
point of any meridian is north or ſouth from every other point of it: thus, fig. 
70, if A be ſouth from z, it is ſouth from all the intermediate points, as x, c, D, K, 
&c. as may be ſeen upon the globe, by bringing any of choſe points to the zenith 70 
point of the mer idian; and conſequently, if we are to go from ꝝ to A, When 
ve are come to any of thoſe points, we muſt continue the courſe ſouth, to ar- 
rive at A: again, if 2 be north from A, it is north from all the intermediate 
points, and therefore, if we are to go from & to 2, When we are came to any 
of thoſe points, we muſt continue our courſe north, in urder to arrive at 2. 
From this propoſition; we may, by way of converſe, deduce the following co- 
rollary; if a ſhip fails dus north or ſouth; ſhe will continue in the ſame meridian. 
$28 If to places lye under the equator, the courſe from one to the other i 
an arc of the equator and is due eaſt or weſt: thus, fig. 70, let az be pat 
of the equator, if 4 be weſt from 2, the courſe from a tox is caſt; and 
courſe from 2 to 4 is weſt: for, ſince the equator marks the eaſt. and eſt 70 
points upon the horizon, every point of the equator lyes eaſt or weſt fm e- 
very other point of it: thus, fig. 70, if a bo weſt from 2; it is alſo / weſt from e- 5 
very intermediate point, b, e, a, e, &c; as may be ſeen upon che globe, by pla- 
cing it as for a right ſphere, by $ 346, and bringing @ or-z ior an. the in- 
termediate points to the zenith of the meridian, and conſequently, ifiweacre 
to go from æ to &, hen we ure arrived at any of thoſe-points;wemuſteon- = 
tinue our oourſe due weſt, in order to arrive at a: again, if ꝝ be caſt um - 
a, it is caſt likewiſe from every intermediate point; and therefore if wenne 
to go from à to æ, when we are come to any of thoſe points, we muſt conti⸗- 
nue our courſe due eaſt, in order to arrive at 2. From hence, hy way of con- 
verſe, we have the following corollary; if a ſhip under Ae ee fob rat 
or weft, ſhe will continue under the equator. In chis caſe, and the foregoing, 
5 527, the courſe, being an are of a great circle; viz; the meridian or equatot, 
is the ſhorteſt way, as well as the moſt convenient. e £1; A 
4.529 n ſame parallel, the courſe from one to the o- 
ther is due eaſt or this may be ſeen upon the globe, by the flowing 
method, bring any point of a parallel to the zenith, and ſtretchin read dver 
it perpendicular to the meridian; the thread will then be a taugent to the pa- 
rallel, and ſtand caſt and weſt from the point of conta: therefore, the con- 


verſe 


150 | ASTRONOMY "BOOK 1. 

F16. verſe is true, that if a ſhip in any point of a parallel be directed eaſt or weſt, 

the will go in a tangent to that parallel; and, fince ſhe muſt go upon the ſur- 

face of the globe of the earth, ſhe will be always in that point of the tangent 

which . 5 the parallel: that is ſhe will always be in the parallel. Hence 

| _ this corollary, Ia ſhip in any fareallel fails due eaſt or weſt, ſhe will continue 

| in the ſame parallel. In this caſe, the moſt convenient courſe, though not the 

: thorteſt, from one to the other is to fail due eaſt or weſt. 

530. Tftxeo places A and 2 lye neither under the equator, nor in the ſame me- 

* ridian, nor In the ſame parallel, the moſt convenient, not the ſhorteſt, 

| 73 courſe from one to che ocher is in a rhumb, fig. 71: If we ſhould in this caſe 

| attempt to go the ſhorteſt way, in a great circle drawn through the two pla- 

| | ces, we mult be perpetually changing our courſe: for, whatever the bearing 
| 


of 2 is from A, the bearings from all the intermediate points, as B, c, D, E, &c. 

will be different from it, as well as different from each other; as may eaſily 

de ſeen upon the globe, by bringing firſt the point A, and then the points 

B, c, D, E, &c. ſucceſſively to the zenith of the meridian, and obſerving the 

bearing of 2 os ack of cher: thus, ſuppoſe, when the globe is rectified 

co the horizon of A, the bearing of z from A be north caſt, and the angle of 

of z with regard to A 45* ; if we bring B to the zenith of the me- 

ridiian, wie ſhall have a different horizon, and the bearing and angle of po- 
tion of 2 from 2 will be different from the former: and if we go on, to 

the other points, c, p, E, &c. to the zenith of the meridian, we ſhall 

ſor each of them have a different horizon, and 2 will have a different bear- 

ing and angle of poſition: from hence we may draw this corollary, when 

two places lye one from the other towards a point not cardina, if we ſail 

from one place towards che point of the others bearing, we ſhall never ar- 

_ 74 rive at the other place: thus, if z lyes north-eaſt from 4, if we fail from a 

„ towards the north eaſt, we ſhall never arrive at 24. 

171 A rhunh upon the ge is x lie en from a de place a, ig 

| | -fo as to cut all che meridians it paſſes through at equal angles: the rhumbs 

are denominated from che points of the compaſs, in à different manner from 

the winds: thus; at ſea, che north caſt wind is that which blows from the 

north caſt point of the horizon, towards the ſhip in which we are; but we are 

ſaid to fail upon the N. E. rhumb when we go towards the north eaſt: ſome- 

times the lines drawn towards the 4 cardinal points are called whole rhumbs, 

and che middle points between them half rhumbs, and theſe are again divi- 

ded into quarter rhumbs: ſornetimes they divide the 32 points into 4 quar- 

ters, and call the rhumb next the caſt the firſt rhumb, the next to that the (c- 
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chrough which it is drawn, thus, the north rhumb ĩs faid to make an angle i in- FIG: 
$nitely ſmall with th Won that is, it/is coincident Wirh' it: the eaſt 
rhomb makes a right atigle, che half ch 82 hatf'r) Tang des With 
all che meridians the bo wough gh &c. it 1 45 m this rel e the de- 
fnition of a rhumb is taten and from herice if 1 0 to he one eſſenttial pro- 
perty of a rhumb that i riders oy all rhe meridians ir paſſes 
f firought the merldians 1 , 7 1 

Efron whende it follaws,. 
221 Pie þoint'of _ _ 


| Me of 4 5 
with every meridian it le 5 iro? : have, on large bes, che com- 
paſs, with chumb lines proceeding from the centet᷑ of kefe and there 
upon the ſea: if the Center of a compats 1 che four whole 
rhumbs are arcs of great ci and-Equator : if the 


center of a compaſs be out of the * the — and ner rhumbs only, 
are arcs of a great circle, hamely the: meridian: every other rhumb is a ſort 


of bei or ſpiral line, ot einn e ee e of the Yes, 


but never can come tꝗ it 1's ET 1b 
532 Another property . x abe is, ee parzy'ef ag 1 


are contained berween | erence of. latitude; ſo chat a ſhip; 
continuing 2 24 ol miles, id failing 
ee, ; oh oye nes, be 


them the 8 ABC 
this rule is true, as far 


aca 
A vic near the 


333 A rhumb may be 1 r — * : W 
the curvature of che globe; i - 9 


. hem a dn, punter" rh tal 
mi e 0 3 as to bemoxeAbI to any | 

lowing example ſhews the de of Gang B: if it be zequixecꝭ te from 
the point A the north eaſt auml moye he ruler a-p.till dhe ange 1 


in a 
N 

_ p 
oo - 


FIG, able ruler is the humb 8 N A to D; * by ROMs the * 
of the fixt ruler to the next meridian G u, with the vertex of the ſame angle a 
at p, may be continued from p to 1. in the next meridian 1x, &c: a curve 
drawn. through theſe points A, D, L, &c. will be the rhumb required. The more 
numerous the meridians are, the more exact will the rhumb-lines be: if a com- 
- paſs with rhumbs be thus drawn upon a globe, with the center of the compaſ; 

71 upon a given point A, every rhumb will ſhew towards what point of the com- 
paſs, we muſt. fail, to go from A to any other place, as B, c, D, &c. through 
which that rhumb paſſes: thus, fig. 71, if the rhumb ABCD be north caſt, we 

71 muſt ſail north eaſt, to go from A to B, or to. C, or p. IP 

The fourth thing mentioned to be required in navigation was, to —.— at 
any time, what point of the globe a ſhip is upon: but before we proceed to 
this we ſhall conſider the nature and uſe of maps, becauſe maps are uſed in 
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CHAP. 19. OF MAPS AND THEIR USE. - 


534 A map is a repreſentation of ſome part of the ſurface of the earth, de- 
linens upon a plane: the earth being round, no part of the ſpherical ſur- 
face of it can be accurately exhibited upon a plane, and therefore ſome have 
. 6s the making of ghbular maps i; for this purpoſe, a plate of braſs might 

mered,”or, at a leſs expence, a piece of paſtboard might be formed 

into a ſegment of a ſphere, and covered on its convex fide with a map pro- 

jected in che ſame way as the papers of the common globes are: a map made 

in chis method would ſhew every thing in the fame manner, as it would be 

ſeen upon a globe of the ſame diameter with the ſphere upon the ſegment ot 

which it was delineated ; and indeed maps of this ſort would be in effect 
PO of ſuch a globe, but they are not in common uſe. 

535 Maps are either general or particular ; the ancients ſometimes deſcri- 

bed all the parts of the then known earth in one general map, as fig. 73: in 

73 this view one of them compares the ſhape of the earth ro the leather of 

flings, 'wheſe length exceeds its breadth: the length of the then known parts 

of the earth from eaſt to weſt was conſiderably greater than from north to 

- ſouth; for which reaſon, the former of theſe was called the longitude, and 

the otherithe latitude d. 

536 The modern ure . are ſuch as give us a view of an entire he- 
milphere; or half of the globe; and are projected upon the plane of ſome great 

a Nicriol. geozr. reform. I. 10. c 28. 8 e Dionyſ 
ria v. 7. 4 Ptolem. gegr. J. 1. c. 6. 6 ircle, 
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CHAPs 19. . 


ther half of the globe, as-the.<quaror, or the meridian, or horizon of ſome 
place: from this circle che een is -r and aid 50 be equatereoh 
meridional, or horizontulsi' +{! | had x 

537 Particular maps are ſuch as pI) OR tous less _ an bemiiphe of 
this ſort are maps of the great parts into which the earth is divided, as Europe, 


doms, provinces, countries, or of leſſer diſtricts. Leg 
538 In maps three things are chiefly required: the Sebi is, ro thew the if 
zitude and latitude of places, ox the ſituation they are in with regard to be 
circles of the globe! this all maps in general, which are laid. down: ow 
tables of longitude and latitude, perform, by means of the meridians and pa 
rallels delineated upon tem, in what manner ſoever they be projected: . 
they do th is the more andre, the aer number dg. haye of 1 
and parallels. . . $5288 J 0 10 Manz 
539 The ſecond requiſig] is,to. exhibit the ſhape of nt e © 9 
extent of them in the ſame proportion, as upon the globe: this cannq be done . - 
accurately in any general Maps, except globular ones; but in particular maps, 
which take in but a ſmll Past of the vu, as a province, or.qaunty, tha de 
fect will not be ſenſible n -2 598. 2 yo 311 þ HE + 
540 The third is, that the 2 andubiſtarices of places from. 
be truly ſhewn : this in globular, maps would: be done in the {: ** manber as 
upon the globe: it is alſo: done in the true chart deſcribed $553 10s 7 
the purpoſes of navigation : but that chart is very deficient; in the once 
quiſite, which was the ſhewing countries in cheir true ſhape and pn. 
541 In general maps, the circles; of the globe are prqjecteg 3 
to the rules of perſpective the moſt uſeful of Which to our ſe 
have been already laid don in the introduction, from 9 250 to the 


concave: to underſtand; which; we may imagine the globe upon wiety he 
circles are delineated to be of thin glaſs, and that half of 1 
time; now we may be conceived to vie rhis-hemiſphere; eithet ran dus - 
ex or concave fide, and e may ſuppoſe it to be placed iat different 
from the eye; from which diverſity of our view, there will ariſ 
ee or pictures of it in a map: if the eye be ſuppoſed t N 


viewed on the convex or concave ſide will be the ſame, namely the an- 

hic, deſcribed 9 254: in this projection, the parts about the midi A 

well exhibited, but the extream parts are * much contratted? - 
V 


circle, which terminates the projected hemiſphere, and divides ĩt fron the o- 


Aſia, Africa, North: America, South America; or maps] * m king: 


4 Fe 
projeftions of the circles in general maps ate of two ſorts, one . Sher * 


hemiſphere at an infinite diſtance; che projemtion 26 its circles whether i be 
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of which appears, if we conſider fig. 147 and 148 of the introduction, which 
ſhew us, that the orthographic projections of convex and concave ſemicircles 
divided into equal parts are ſimilar, and if the planes of them continued paſs 
through the eye, they are ſtrait lines, unequally divided, fo as to have their 


diviſions much leſs near their extreams than about the middle. If we imagine 


two ſernĩcireles cutting each other at right angles to be drawn upon a glaſs he- 
miſphere, with diviſions marked at every tenth degree, and viewed at an infi- 
nite diſtance, with the eye in ſuch a ſituation that the planes of both ſemicir- 
cles continued paſs through it, the orthographic projection of them, whether 


74 Concave or convex, will- be the lines Ac and BD, fig. 74, with the unequal 


diviſions, through which I have drawn circles. Toſhew the orthographic equats- 
real projection, fig. 74, is the orthographic projection of the circles upon the plane 


75 of the equator; and fig. 7 5 is a general map of the northern hemiſphere, form- 


ed upon that projection: here, the meridians are all ſtrait lines, and the paral- 
lels compleat circles. For an example of the orthographic meridional projection, 


76 fig. 76 is an orthographic projection of the circles upon the plane of a meri- 
77 dian; and fig. 77 is a general map of an hemiſphere, formed upon that pro- 


jection: here, all the meridians are projected into ſemiellipſes, by F 258, ex- 
cept that the plane of which produced paſſes through the eye, and that is a 
ſtrait line, by F 258: this projection has one advantage not to be found in any 
other general map, namely, that the decreaſe of the parallels from the equa- 
tor to the poles appears therein in true proportion. 

542 The orthographic horizontal projection has great variety, according to 


78 the different latitude of places, and is pretty difficult to execute; fig. 78, 


though not perfectly exact, will ſerve to give any perſon an idea of it; the 


center of this map is in Chaldea, about the place where I ſuppoſe Ur of the 


Chaldees to have been fituared, it is therefore projected upon the horizon of 
that place, or near the matter: it was delineated by me in the camera ob/curs, 


79 from Senex's great globe, as was alſo the map fig. 79: in a map drawn thi 


way, the extream parts are a little more contracted than in the orthographic 
projection,” from which, notwithſtanding it differs very little in the main, 
though in the orthographic projection the globe is ſuppoſed to be at an in- 
finite diſtance, but in this is placed at a moderate diſtance from the eye. 
543 The great contraction of the extream parts in the orthographic pre 
jection makes it ſo deficient in the ſecond: quality required in maps, that i 
is ſeldom uſed, except when the diſk of the earth, in a ſolar eclipſe, is to be 


exhibited; of which in its proper place: the method commonly made uſe of 


in the conſtruction of maps is the ftereographic projection, wherein the eye 
ſuppoſed, from ſome point in the ſurface of a ſphere, to view the concave 6 
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en Ar. 19. ASTRONOMY. . 155 
the oppoſite hemiſphere; in this projection, the parts about che middle are a 10. 
little contracted, ſo as to be too ſmall for the extream parts, the reaſon where- 
of, will appear from fig. 156 of che introduction, which ſhewes us, that if 
a concave ſemicirele with equal diviſions be viewed, with the eye in the plane 
of it continued, at the diſtance of a ſemidiameter from its centzr, the pro- 
jection will be a ſtrait line unequally divided, the parts appearing leis the 
nearer to the center; 'conſequently, if two ſemicircles cutting one another at 
right angles, drawn upon a concave hemiſphere, and marked with equal divi- 
ſions be viewed in the manner now deſcribed, the projection of them will be 
ſtrait lines unequally divided, as Ac and BD, fig. 80; the parts appearing 80 
leſs, the nearer to the center: however, in this projection, the proportion be- 
tween the middle and the extream parts is much better preſerved than in the 
orthographic. 'The ftereographic projection is alſo either equatoreal, meridional, 
or borix˙ũal!!!!!!n.! 6 111-05 e en Ut = Ad & Tl 
544 The equatoreal projection ſuppoſes the eye to be ſituated in one of the 
poles of the earth, and from thence to view the oppoſite concave hemiſphere; 
with its circles, projected upon a 3 glaſs paſſing chrough the equator: 
thus, the eye is ſuppoſed to be in the north pole, in order to view the ſouth- 
ern hemiſphere; and in the ſouth pole, to view the northern hemiſphere: ſig· 
80 is the ſtereographic projection of the circles upon the plane of the equa- 80 
tor, and fig, $1 is a map of the northern hemiſphere, upon that projection: 81 
here, the meridians are alł ſtrait lines, and the parallels are compleat circles. | 
545 The meridional projettion ſuppoſes the eye to be in ſome point of the | 
equator, and from thence to view the oppoſite concave hemiſphere, project- 
ed upon a glaſs plane paſſing through ſome meridian ,- which a meridian 
drawn through the eye cuts at righe angles: fig. 8 2 ſhews the projection of 82 
the circles upon a meridian, and fig. 83 is a map of the carth in two hemi- 83 
ſpheres, projected upon the plane of a meridian paſſing through-one of the 
Canary iſlands called Ferro: this meridian is made choice of, becauſe, bh 
making the projection thereon, one hemiſphere contain Europe, Aſia, and 
Africa; and the other, north and ſouth Ametica: here, all the meridians are a 
| arcs of circles, - except that drawn through the eye which is a ſtrait line; all 
the parallels alſo are ares of circles, the equator is a it line 1 | 
546 There is another meridional prejectian invented: by M. de la Hire, 
wherein the diſtance of the eye from the plane of the meridian upon wie | | 
the projection is made is ſuppoſed to be equal to the five of che angle of . 
this projection comes the neareſt of all ro the nature of che globe Fe tbe | | 
meridians are ſer therein at equal diſtances, the parallels alſo ate-ntarly:equis | © 
ſtant; I ſee no good reaſon why our geographers do not make uſe vg fig. | 
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156 ASTRONOMY BOOK 1. 
FIG. fig. 84 is the projetion of an hemiſphere with its circles, according to M. de Ia 
84 Hire method; and fig. 85 exhibits a map of the two hemiſpheres of the earth, 
85 according to that projection. Bron, uſage des globes, I. 3. c. 1.5 2. 

547 In the borizontal projeftion, the eye is ſuppoſed: to be in that point of 
the ſurface of the globe which is diametrically oppoſite to the place upon the 
horizon of which the projection is made, and from thence to view the op- 
poſite concave hemiſphere with its circles, projected upon a glaſs plane paſ- 
ſing through that horizon: thus if we project a map of this ſort upon the ho- 
rizon'of London, the eye is ſuppoſed to be at the place of the Antipodes to 

London, and from thence to view the concave hemiſphere: there is great 
variety in this ſort of projection, for if the place the horizon of which it is 
upon be under the pole, the horizontal projection is the ſame as the equato- 
real, $ 544: if the place be under the equator, it is the ſame as the meridio- 
nal, $ 545: if the place be in an oblique ſphere, the projection will be different 
according to the different latitude of the place: for it will approach nearer to 

| the equatoreal or meridional projection; according as the place is nearer to 
86 one of the poles; or to the equator: fig. 86 is an horizontal projection for the 
87 latirude of 513, and fig. 87 is a map projected upon the horizon of London, 
_ whoſe latitude is 51 31: the chief advantage of this kind of maps is this, 
that the place upon the horizon of which the map is projected is always in 
te center of it, and we may ſee the bearings of places from it. 
548 A particular map is a part of a general one, and may be made upon 
the ſame principles, as, by projecting a large hemiſphere, and taking ſo much 

88 of it as the map is deſigned to contain: thus, fig. 88, from the hemiſphere 

 EFGH we may take ABCD; when a large part of the earth is to be repre- 

© ſented; the meridional projection deſcribed 5 545 is commonly made uſe of. 
 ©"549 When we are to delineate à map of @ ſmaller. part of the earth, if it 
be near the equator, the meridians and parallels may be repreſented by equi- 

go diſtant ſtrait lines: as fig. go, if at ſome diſtance from the equator, the pa- 
rallels may be equidiſtant ſtrait lines, and the meridians ſtrait lines a little 

91 eonverging towards the neareſt pole; as: fig. 91: or the meridians may be 

ſtrait lines converging towards the neareſt pole, and the parallels circular: of 
$9 this kind is the map of Europe, fig. 89, taken from Senex. 

350 When we are to make @ map of a very ſmall diftric?, as of a county, 

or hundred, whatever part of the earth it be in, the meridians and paralleb 

may be equidiſtant ſtrait lines, drawn through every minute, or every 4, 

10, or 15 Kc. of longitude, according as the largeneſs of the map will allow: 

ſor as à ſmall part of a great circle upon the earth does not differ ſenſibly 
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1 ASTRONOMY | 1657 
carth differs F16, 


not ſenſibly from a plagjg e ! + Cuts, 210 
55¹ Sea charts are particular maps, for the uſe of navigation, wherein is ex- 
hibited ſome part of the ſea, with the ſhores that bound it: the inland parts are 
often omitted as of no uſe to the ſailor, except where there are large riuers for 
him to go up, or ſea· marks for him to ſee at a diſtance; but the parts of che 
ſea near the ſhore arb catefully laid down, with mar ks fignifying'rocks; ſands; 


delineations upon it, to be put into an hollow cylinder of the 


with the equator, with its Axis coincident with the axis of the der, and 
Parts ſtretching uni- 


then to ſwell, as if it were blown like a bladder, all 
formly, ſo that the meridians lengthen in the ſame pr 
lels do, till every part of its ſur fade touches the coca 
POET Is ee | 
meridians.would alt l _ ach.other,: 

all latitudes would have: the ſame 0 6s ie 8 

ſo be lengthened in the proportion before mentioned, from the equator to- 
wards each pole: and the rhumbs would unbend; and be projected into ſtrait 
lines upon the ſur face of the cylinder: if we imagine che ſurſace of this cy- 
linder to be cut open, along one af the meridians; and unbent into a patal- 
lelogram, the projection of the meridians and parallels would appear as in 


fig. 92: if places are laid down therein, from a table of longitude and lati- 
tude, the map will indeed be very deficient in the third particular required 


* 


other ſort of maps whatſoever, becauſe the rbumbs are hefe redueed to ſtralt 
lines, ſo that we need only draw a ſtrait line between any two places, in or- 
der to find what rhumb we muſt ail upon, to go from one place to angther-. 


porti 48. paral- * 
p . "7 $4 © ww 
ſujiface of the cylin- 


d conſequently in 
| . el | 


in maps, but is nevertheleſs vaſtly; more convenient for ;navigation. than. any 
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FIG. 1 Maps har uſually a compaſs dra wn upon them, by which the north 
Gde may be known: when we uſe a map upon a table, we, generally lay it 
with the north fide: fartheſt from us; and when a map is hung upon a wall, 
che north is placed uppermoſt: in both theſe caſes, the eaſt fide of the map 
is-on- the right hand, the weſt on the leſt, I need not ſay the ſouth is oppo- 
ſite to the north: the lines drawn from caſt to welt are parallels, the two ex- 

89 tream parallels as aB and cn, fig. 89, 90, 91, 9a, are divided into degrees, 
90 and each degree into halves and quarters of a degree, or into 5, 10, or ſingle 
91 minutes, according to the largeneſs of the map: the lines from north to ſouth 
97 are;meridians; the two extream meridians A c and ; p are divided into de- 
"Cm of latitude, | and each degree into halves, quarters &c. 
1555" To find the latitude of a place in a map: ſtretch a thread over the 8 
* it may cut the ſame degree and minute of latitude, in the two outſide 
90 meridians ac and zap; che degree and minute marked by the thread in thoſe 
91 meridians is the latitude e en thus, ig. 90, 97 92, the latitude of 
92 the place x iis. 547. 30. \ 
__ : ealpgs! ene e mip ie ever the 
pines that it may cut the ſame degree and minute in the two extream pa- 

90 rallelsan:and = hf 92; the degree and minute cut by the thread 

91 is the longitude; thus, the HTO of a is Jalil ge we are the edge 
92 ofa neleiadtea of a threal. rs 20103-4127 Bt 

557 eee map, its ee e hentai being eigen ftretch 

one;chrexd over:the degree and minute of latitude in the two extream me- 

90 Fidians ag and 25, fig. 90, 91, 9a, and another thread over the degree and 

91 minute of longitude in the twoextream parallels A n and op; the point where 
92 che threads croſs one another will ſhew-rhe place. This method will alſo 
ſer ve tu inſert a place in er longitude and lutitude being given. 
-.:558 What has been faid in the three ſections immediately preceding, is 
applicable only to ſueh maps as have either the meridians, or parallels, or 
boch, repreſented by ſtrait lines; as fig. 89, go, 91, and 92: in a map where 

89 the patallels are expreſtby curves, as fig. 89, to find the latitude of amy place; 

draw with pencil, or imagine to be drawn, a parallel chrough it, and the 
degree which is eut in the extream meridians Ac and B p is the latitude of 

gs that place: in a map where the meridians are expreſſed by curves, as fig. 88, 

to 2 the" longitude of any place; draw with a pencil, or imagine to be drawn, | 
a mceridian-chrough it, and the degree where it cuts the equator, or one of F 
PO eee A's or p, ſhewys the longitude of that place. | 

559- The fourth! ching neceſſary to be known in navigation was, 0 find at | 
ee of the globe a ſhip is —_ the chief problem in naviga- | 
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tion is, to find in what courſe a ſhip muſt fail, in order to arrive at the place 10. 


to which ſhe is bound: for this purpoſe it is previouſly 'neceflary. to know, 
in what place the ſhip is. The porr from whence a ſhip beging her voyage 
is ſuppoſed to be known, as to longirude and latitude,” and to be ſet dom in 
the chart: when the ſhip has failed ſome time, as 24 Hours, it is uſual to 
find the point upon the chart where the ſhip is then ſuppoſed to be: this 
point is marked by ſome with the prick of a pin: this point being found, a 


line drawn from it to the place we are bound to ſhews the courſe to be fail- 


ed upon; and we may find what rhumb it is, if we obſerve What angle that 


line makes with the meridians in che chart; thus, fig. 92 if a ſhip ſets out 92 
from E, and is found to be arrived at r, if we are to go to G, the line FG is 


the courſe to be ſailed, and the angle which this line makes with the meri- 
dian is cafily found by the protractor, introd. & 33; or if a compaſs. drawn 
upon a thin tranſparent piece of horn be lid with its center upoß b, and irs 
meridian upon the meridian of r, the edge of a ruler layed” from g to d will 
ſhew the rhumb to be taken: the angle H FG in the example before us is 
45", therefore the rhamb is north-eaſt. See the table 8 550.7, 00 


560 The finding the place where the ſbip is, Which is uſually dotie every day 4 
at 12 a clock, - depends upon four things; viz. 1 the longitude, and 2 the Toti- hy 
tude of that place, 3 the courſe the ſhip has run, 4 the diffance, that is the 


way ſhe has made, or the number of leagues or miles ſhe Has run in that 


courſe, from the place of the laſt obſervation: now any two of theſe being 
known, the reſt may eaſily be found. - (LUO IA Fo ene 


561 If the longitude and latitude be known, nothing more 8 Sadat for 


is not yet diſcovered ; 
what attempts have been made towards ir, ſhall be ſhewn in its proper ace: 
in che mean time, we will leave it out of the preſent confiderazion,”e 


5 Peet iderazioh, except 
ſo far as it may be found by the courſe or diſtance, as iS 46 GO T200 2: 


we proceed now with the courfe; diſtance, and latitude; ©. 


* 


| (> $6 (74, 0001 MEMO DONG LF ak * bu; on 259340. < 
562 From the courſe and diflance to find the ſhip's place : here. are 


caſes, A, if the courſe has been under the ſume meridian, a „ 
e 1 leagues or miles turned into degrees ald minutes w 

sive us the Jatitude, and conſequently the ſnip's place; the .longindde bein; 

towards 2, has run 40 leagu 


| 40 leagues, or 120 geographical miles, Nhich are choſe 
in uſe at ſea, whatever the latitude of F was, the latitude of the place ſhe'is 
now come to will be 2* different from it; that is, it will, be 2 leſs if ſhe has 
failed towards the equator, and 2* more if from the equator: thus, if the la- 


ion: thus, fig. 92, if a chip in failing aner 9a 
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- 2 oethe , chere is che 5 1 e . 8 
bet and latitude given, a ſhip's place: draw the 55 
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an bügle bf 45e with the meridtän, chere che fine aue the! 


Wosergd pen 267, ache hy dt oy l. che pee f * 


86 From the uli tunce ana latifude gi fen, to HA the (ifs ples ryiche 
edge of a'raler'over the degreb of latitude in the tuo graduate rnerlüting-- 
take the diſtunet turned into degrees and minutes with a pair H og 
by g 562, eule 4, ſet one foot upon the place the fg failed frem dad Where, 
wich ih opening of che compaſſes, 'the ocher 3 of irbe 
rule, there is'the place of the ip: chen, - Bg. a, 5. Hiri Bling roms is: 9% 
come into the latſtude of g ndith; ahd the diſtancs iin amdunts 0 

:, meaſure q from x Wit dpEn/thathevididn ae, corfipalits, 
chen ſer one or upon u where the other tonches the! hide r, namwlprav's, 
is che plane of the ſhip2iin eee 1 
propoſitions, We have ſuppoſed rwooFrheſsrhree thingsroboertitiylmown 
1 thecourſe, 4 che Miſtariee) 3 che latitude of jcho place us ep Wanved 
at; if there is uncertdinty in any vf theſe Hats N wil ooeaſioa u like uner- 


ninty in the place of tie up: the method of finding each of them und ho- 


far it may be dependled upon, vill be ſhewn in Hing econ. 
565 To find tb courſe? this known e nl. aß 

but wich theſe uncertaiutieg tit variation cannot he always hog ar 

for want of obſervations, Z urent, or 3 gedieh Au eg 

rolling of the ſea; may varry che ſhip our of the line in 3 


en we e does mot fail 2 i, whitly iv eldom 
the caſe; dhines e ich the is dhechedzl chin al- 
dl lowed fob bit eigne, 


teration of herourſe — — —— == 
in order to find the true corſet berivhis: "Is ent on to. 
the different angles the'wind makes Wirk the intended coürſe) the" 'JiEGEnc 
ſtrength of the ern the number er ans made ufs ef, G 88 21h N 
566 To find the difante or nun ber of miles the hip his | unreal Nome 
rimes gubſſed at; by 1 KW Fav ait auß will an ny een ae Pie 
ſuch a wind, "whigh' e babe Wy opens by obſerving Hopf far ig hes 
failed in ſuch time, under the fue tnefidian/-or tear it, when che dishes 
may be pretty exactly meaſured; 'by the difference of latitude: but? the moſt 
certain way of reckoling the Gitane ls by the lg line: tbe bog is a trag gu⸗ 


lar piece of board, poized Witli lead at dne corner, to make is I? poet” 
it is faſtened to the mdf A line icht divided* into cat 3p 


vi 
hons are called dart, betcgtüfe Ser), one bf them is mar ELOISE 1050 that 
they may be counted in 1 by feeling them with w EnzetS2 A Kot 
6 | Me. N [l 10 5 r 0 Jop W167 VE As Py W Mould 
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- ſhould be u aliquot part, it is uſpally the 1 30ch past, of a geographical wile, 
4 chat it way” bear the ſame” proportion. to. a mille, as half a minute does to an 
3 | hour i the line is Wound upon 2 rect which: turus round cafily, and is placed 
in che hindet part of the ſhip:. hen they heave the log; ab they commonly 
do on overy; hour, they let it down into the. water; and when ten fathoms 
are gone-from off the reel, the log is ſuppoſed to be out of the eddy of 7he- 
Jhif's wake, then the half minute glaſs is turned up. and when it is run out, 
they ſRop.the reel; and obſerve how much line is wound off, to find how far 
_ the:log is gun from the ſhip. or rather the ſhip. from the log, in chat time; 
- , and.conclude, arge man) knows mm off fromthe. reel in half a minute, ſo 
many miles the ſhip ſailo in an hour: thus, if 6;knatsrup off in half a minute, 
the ſhip fails. dt the rate of 6 miles an hour: but here likewiſe muſt be ſome 
uncerthinty, from the rolling of the ſea when it runs high, from the drift 
f currents,-apd Homi the difference of Wein which eue cx. 
addy in che lame tener for ap hour together, | 
306, Remus l. i0l g. nee a cd MH by dhe e bf 
_mealurivg a ſhips: way by -wheels'0n: the outſide which; being turned round 
_ by che warer, turned other wheels with their indexes:within. the ſhip, in the 
ſame manner. as. the wheel of a coach is made ta turn the wheels of a way- 
. 
6. deſcribes a eee eee eee 
_ this all@ would be; of uſe; $0 rmeaſpre a, ſhips ways. , 
308 To find the latitude: this is done by: taking ieee 
| ridian; height of che ſun, or ſtars; E accurately at ſea as 
at land; by reaſon. of the motion of the ſhip: however, the e is found 
wich mixch. Saber cemainey! dun eicher dde cause or diſtance, and ſhould 
_ therefore be often taken when o ſexves,: ro.correft! them thereby: 
56g Since /ailing in 4 poralle] requires: only the keeping the courſe due 
eaſt or weſt, J 529, and the latitude is found: with greater. certainty than ei- 
ther the courſe. oc diſtance, 5 568; it is uſual, in ſailing between the tropics 
to get into the latitude of the place x0. which, the thjp-is bound, and ſteer di- 
_ rely caſt or welt, according as the place lyes from the ſhip: for this purpoſe, 
the trade wind. or monſdant are to be obſerved, See monſoon in the index. 
570 Singe, in the conſtruction of the compaſs, the 3600 of the circle are 
divided! into, 32 equidiſtant points, the diſtance of any two adjoyning point 
mult be 11% 15; for 32 times. 11.15 is 300: from hence, the, angle which 
| the line of any courſe makes with the meridian being given, the rhumb fil 
1 ed upon, may. be khown; I EI GE ponþ Mong given, the angle of 
Ex the courke may be found, by the following table. 2275 
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3571 Thus I have entered upon the uſe of the terreſtrial globe, and ſhewn 
EY, "the: us en ons maps and charts: fo mechanical methods of delinea- 
omit, as foreign t to my purpoſe ;. they may be ſeen in Vareniurs 
Geoprdiihhe and in à treatite of maps and globes printed A. D. 1717. I have 
likevijſe pxplained; chen of the thumbs, and thewn how to find the 

place of a Thip upon the chart, t, mechanically, which is ſufficient to give the 
reader i general notion of 0 in the writers upon that ſubje, we 

have rules to find the place of a. i Pe 15 TNT calculation: the 


foundation of which calculation is lique failing, the line of the 
e together with" the merici of the place from whence! ſhe ſailed 
and the Ng ler of the plate, Where ſhe is arrived form a rhumb-triangle; ; 
which though curvilinear upon the globe, may, when the diſtance ſailed is 
ſmall, be conſidered as relinear, without ſenſible error, and is according- 
93 * Kaen lo upon bor the plain chart 2 krcatirs: thus, fig. 93, ſuppoſe 
a np Nails om x to c, draw Fo to reprefc che meridian of A, for the pa- 
rallel of c draw CB perpendjcula r to A B, ET u there will be formed the rhumb- 
triangle ABC; Whoſe angle at B is ace on by conſtruction, the angle at 
& is dhe angle of the courſe, the hypotenuſe 4 f is the diſtance, AB is the dif- 
ference of Alitude, and 5 C ie in plain failing called the departure, and in 
Merratort faling che longitude: i this triangle being right angled, if one 
acute angle and one fide thereof be known, the other two ſides and the re- 
— angle may. be found! by 5 14.3: ot if two. ſides be given, the 
and the two acute Algles may d found by 9 98, here it is to 

| xrked, that though theicalaulation of apy problem is more exact than 
_ conſtruction, jo ing it in lines ly; yet navigation by trigono- 


ded with All the which ariſes from the error 
up which it . che courſe, diſtance, and 


fitice there are flo methods of finding theſe beſides thol 
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574 lo lerile parts of the earch as to demand ſome 
houl of them: many of them furniſh che ſpring-hcads 

of large rivers, ſome are farhous for the mines of rich metals contained in 

their, bowels, others are remarkable for he dreadful cruptions of fire, ſmoke, 

ſtones and a IS ig which they are fübject; theſe and many other particulars 


relating to mounrains I leave. ro thoſe writers who deſcribe the 5 
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cients: Olympus and Pelion in Theſſaly, and Cyllene in Arcadia have not onl 
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wherein they are found, or write the natural hiſtory of them, ſee Varen. geog. 


J. I. c. 10. my preſent deſign leads me only to enquire into the height of moun- 
rains, in order to find what, proportion it bears to the diameter of the id | 


and how far it may be objected to what has been ſaid of its roundneſs.. 
_ 573, The height of mountains has often engaged the attention of t 
quiſitive, though we have little of certainty upon that ſubject e — us 
by the ancients: ſometimes authors content; themſelves with only telling us 
how many days it takes to go from the bottom of a mountain to the top: 

thus, Strabo a, ſpeaking of ſome, of the higheſt mountains in Greece, writes 
that an able traveller might. walk from the bottom of any. of them to. the top 
in a days time, whereas it would take him above five days to go up one of 


the Alps: ſometimes they ſay how long the ſun may be ſeen to enlighten the 


top of a mountain, before his riſing in the morning, and after his ſetting in 
the evening; to this purpoſe, we have accounts of the mountains Caucaſus 
and Caſius, in Ariſtotle b and other writers: ſometimes they relate how far off 
che top of a mountain may be ſeen, or to what diſtance the proſpect from 


thence reaches, or in general, that the top of a mountain is above the mid- 


dle region of winds and rain: in proof whereof, it is ſaid of ſome mountains 


which had anciently facrifices offered upon the tops of them, that the aſhes 


have been obſeryed to lye there undiſturbed from one years end io another, 


ſo that characters drawn; thetein were not effaced e: mount Athos is paxticu- 
larly taken e ene 
as far as Myrine a town in the Iſland of Lemnos d, in the market - place of 
n „ | 


the ſhadow, ee bee eh eue, eee 
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Abos 2aatula 4 n Anpias Gos. „1 Ale 
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to hide his head in gn che poets is therefore [mal 
ed to ſupport the heaven; but I find only three mountains recorded to have bad 


their height taken with accuracy, probably by trigonometry, by any of the an- 


ſerved toembelliſh che writings of the poers, but have alſo employed the ſkull = 


of geometers. Olympus was found by Xenocrates to riſe above ten fegia hi 


er than the temple of Apollo built at the foot of it, he ſeems to, have pſed.a 
good deal of care in this affair, becauſe, in an epigram of his extant in Fu- 
tarche, he ſays the height of it is ten fadia and a ſixth part of a fladium want- 
ing two feet, and pleads. the merix of the performance to. recommend q hin- 
2 Strabo geogy 14. b Arift. Meteor: I. 1. c. 63. Solin. c. 47. \ e 4 Atho'refare Solinus 
e. 16, de Cyllens Gemia. ©. ds — Plin. vat. bi hae 6x + © Plat. ju wats P. * 
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lf to che favbur of Apollo. The other two were, by order of md gta 
meaſured by Dicearchus®, the height of Pelion was found by him to be 10 #4- 
4. of Cy lere 15 fadia. For the meaſure of the fadium ee F 440. 
574 Among modern travellers, the Pic of Teneriff® js famous for its height: 
we are told i ir may be ſeen at ſea to the diſtance of 4, which is about 270 
Engliſh miles; it is by many thought to be the higheſt mountain upon the 
Wbele earth: others think the mountains which run through ſouth America 
exceed all others in height; for whereas the air on the tops of ſeveral very high 
mountains has been ſaid, by reaſon of its thinneſs, ro occaſion reachings, diffi- 
culty of breathing, and ſometimes vomiting®, the air here is ſo unfit for reſpi- 
ration, chat upon a party of S rds eroſſing over them at the only paſs 
which i is practicable, many e their men ane horſes died ſuddenly. Yaren. 
| Geogy: 4. 1.c. 10. N 
2 ROT THE nende of a inottithin may be cenie phier btb. that 
is how much its elevation is above the ſurface of the ſea, or relatively, i. e. 
bow much higher it is than the ground apon which the ſtations are taken to 
-meaſure it. Ricrioſus in his geographia 'reformata l. 6. has a large account of 
mountains, and the ſeveral attempts which have been made to meaſure the 
height of them, both by the ancients and moderns; he ſhews ſeveral trigo- 
- nomittrical methods of doing it, as does alſo Varenius I. N c. g. one of the 
 - principal of theſe I have explained 5 475, but they are all liable to uncertain- 
ty, by reafon of refraction: it is probable the ancients did not take refraction 
into the account, for that reaſon the heights of mountains which they give 
us are greater than they ought to be; the moderns have conſidered refraction, 
but it is ſo variable, that it is e e ee what 
allowance ought to be made for it. bo 
376 The mercurial barometer ſęms to prom tiniſs berrer-fucoels in this aff 
eee any other means: 
that the yer is faſtained in the tube of the barometer by the preſſure 
of the air upon that quickſilver wherein the lower end of the tube is immer- 
Jes,” that the farther from the center of the earth the barometer is placed, the 
Be re r and the leſs its weight by the preſſure whereof 
quickfveris ſup ported in the tube, and conſequently, the lower will i 
"ſubſide; thus, — 1 is the height of the quickſilver in the tube at the bot- 
tom of a well, it will ſtand lower when the barometer is brought up to the 
ſurface of the earth, and will ſubſide ſtill lower if it be carried up to the top 
of an hien tower; and this fubſiding of the quickſilver is in a certain propor- 
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tion to the height of the place where the experiment is made. When che gen- 
tlemen of the aeademy of ſciences at Paris dre the meridian line mention- 
ed & 415, they made uſe of barometrical obſervations to determine the height 
of ſome of the higheſt mountains in France, and of ſome of the Pyrences, 
which ſeparate that kingdom from Spain: by the ſame method, Dy. Seheuch-. 
zer took the heights of ſeveral of the Alps; from the detail of his gbſcrva-. 
tions, which may be ſcen; in the philojophical tranfattions for the year. 1728, 
n. 405 and 406, it appears that the higheſt of the Alps, the tops Whereof 
are covered with everlaſting ſuow, do not riſ above 10000 Patis feet, which, 
is 10680 Engliſh feet, or 2 Engliſh miles +120 feet, above the level of the ſea, 
and theſe mountains, which are undoubtedly the higheſt in Europe, that 
gentleman is of opinion may equal the height of any upon the globe. 
977 The depth * has been thought by ſome to anſwer to che beig ht 
of mountains, as if the earth had been once a, perſtet globe, and the en. 
rains. conſiſted of what was taken out of the cavities made for. the regeption 
of the waters, but this is mere conjecture without any ſolid: foundation: the 
depth of the ſea. is in many places unknown, being unfathomable by the line, 
though great lengths have been made uſe of for that purpoſe. Mr. Boyle in 
bis treatiſe of ſubterranean and ſubmarine regions F a, mentions. a curious tra- 
veller who, upon enquiring whether he K. taken. notice af any extraordi- 
nary deep ſoundings in the vaſter ſeas, anſwered that on the other ſide of the. 
line about the latitude of 35 they let down. 400 farhoms: of line, and chat 


the lead which weighed about 30 or 1 by e 4 fo deep / appeared 
when drawn up again intenſely cold like in the ſame treatiſe 


ſeveral proofs, that the ſea · water is colder he 2 we. go Yarenius? tells 


us the depth of the ſea has in ſome places been found a, German mile which 
is equal to four Engliſh. miles. Riccialusb writes. of ſome. engliſhmen hav- 
ing ſounded with lines to the depth of 3000 ella, bur he ſpeaks. of it by hear- 
ſay. Olaus magnus e ſpeaks of ſome parts of the northern ſeas being. ſo deep 
that a ſhip load of line would nor ſuffice to ſound them to the bottom, but this 
1 ſuppoſe. is ſaid at random. Cęſærd is ſaid to have found the depths of ſome 
parts of the Mediterranean and Adriatie not to exceed 15 fladia, which is al- 
moſt two Engliſh miles: it is probable that it was from this relation that 
Pliny e ſays = depth of the ſea is in ſome places 15 ffadia. In the phrloſo- 
Pbical tranſaltions for the year 1728 N. 405. we have a deſcription of a ma+ 
chine to meaſure the greateſt depths of the ſea, but if any „ 
been made therewith they are no yet communicated to the phie 
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8 578 Mir. 2 in che place before cited, ſays he was very inquiſitive about 
the-inequality of the bottom ef the'ſea, by the information he received of profeſt 
divers, and deren teur Perſons who had opportunities of ſeeing divers at 
their work and converſing with them, or who had ſounded the ſea in ſeveral 
places, it appears that the floor of the ſea is in many places exceedingly un- 
equal, being here flat and there craggy, rocks — to a conſiderable height 
in ſome parts, and valleys finking as deep in others: that generally the depth 


| of the ſea is found to increaſe or decreaſe gradually, but in ſome places i is ſo 


very unequal that in caſting the lead on one fide of the ſhip they find it 20, 
30, . perhaps 40 fathoms deeper than they had found it Faſt before when 
they ſoutided/from the other ſide: particularly he was told by an ancient and 
experienced pilot that not far from the mouth of our channel he has ſome- 
times found the bottom of the ſea ſo abrupt, that in ſailing twice the length 
of his ſhip the water has deepened from thirty to an hundred fathoms, if not 


much more; and this ſudden alteration of depth is chiefly obſervable near the 


ſhore, there are inſtances of the like far out at ſea: but as in ſailing far 
from land there is not ſo much occafion for ſounding, it is only known in ge- 


neral that the depths in the wide ocean N the r 
are known but in very few parts of it. 
4 find 55 depth of the water: the lead * often' tallow or greaſe upon 
the lower end of it, that it may bring vp with it ſand, gravel, ſhells, &c. in 
order to ſhew what kind of ſoil is at the bottom, the knowledge of the depth 
of the water and the kind of ſoil is very uſeful ro find exactly where 15 ſhip 
15 to prevent ber running aground, and carry her ſafe into 

580 The proportion” of the ſurface” of the earth to that theſes; to far as 
AC ERROR ben made, may be found, by taking the paper of a'terreſtrial 


globe and ſeparating d& land fromthe fen W f pair of ſeiffars, and compar- 


ing the reſpective weights of each: this experiment ſuppoſes the delineation 
of the globe to be correct, the paper whereon it is ptinted ſbould alſo be of an 
equable chickneſs as near as poſſible; weighing thus the papers of Mr. Se- 
2 Hoe of 16 inches diameter, the weight ef che paper whereon the {ca 
refented was 349 grains, that of the land 124 grains: ſo the ſurface of 
ec ſea is almoſt three times as great 4s that of the land hitherto diſcovered. 
J omitted weighing the parts contained within the polar circles, becauſe it 
16 nor anon to wy degree of exactneft how much of chem is land and 
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581 The Hm of the world is the whole collection of tthoſe:gread bodics 
which compoſe the univerſe of material beings, and comprebenda che flars, 


the ſun, the planeta, and cotmets, with ther i extended 
| they are contained®; from the author whoſe opinion is folldw- 
1 che number, magnitude, ſituation, motion and o- 


At is called rhw Protrivate Syſlewayrs Thebs- 
1 before 1 have done; endeavour to give che 
general view'of cher ſeveral fyſtems whieh' have been "advanced by 

and aſtronomers, in order to account for - 
en bodies; but 1 thall 2 
that ſyſtem . the diſciples of Pytbagorarb, after 


long diſuſe reviyed about 2bo'years ogo by Copernicus, eultivate® fend, 
by Galiles, Kepler," 2 by the dileovevies of 
| Sir Iſaac Newton.” The tiethod I propoſe to make vic of is this; tuking it at 
| preſent for granted that this ſyſtem is the true one, I ſhall lay-down'ths ſe- 


veral parts of it; — — af 


venly bodies hitherto 


| "reſult from ſuch an order and dif 
poſition of them as i zichis exact correſpondence of iche — 
; nomena with che alone ſo ſtroig un argument ſin fuvour oi che 
1 rok of, the e weſhald set 
n with other in the eſs of this wor ð ᷣ 
* 3582 — . as well chaſe ſeen hy che naked eye as thoſe chich are dit. 
a coverab teleſcope; always the | ſame ſituation in teſpect oſ one 
f another, and — — of 90 = 
l. of ſtars which appear nean to one another and to our view form'a'wriangle, 
it T we have eee e ee 
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chat ever fince che mia Ir. they have always appeared to its in- 


habitants to form th figure, as to ſhape and te, as they do at 
_ preſent, and will | My condinus to do ſo as long as our earth ſhall laſt: 
chis is true of the fit as far as we. are able to judge, by com- 


paring the lateſt obſervations of the ſtars with the moſt ancient ones whereof 
we have any /accountiremaining; as for particular changes which have been 
obſerved in ſome ſtars, and may be looked upon as exceptions jo! the general 
rule, they ſhall be treated of in a chapter upon that ſubjeR. 
vo e are e ee in d heaven fue plant 
eee hot diſtinguiſnt from the ſtars, though they 
beef see different nature; {ſhall treat of them more particularly by and 
dy i is ſuſßicdent at preſent to take notice that they do not keep their places, 
aa tlie Hut ſtars are obſttved to do, but are ſeen ſometimes in one part of the 
beaven and ſometimes in another: from this change of place they are called 
planes or Nuνÿera e from hence alſd they came firſt to bediſtinguiſhed from 
dhe fit ſtars; and to have the patures and motions of chem enquired into. 
_ 11584: There is another [difference between the fixt ſtars and the planets, 
_ which may very e foe for: twin- 
i&b, ee ſhine with a ſteady light; the cauſe of this difference 
ſieeins to be this, the fit ſtars ate at ſuch an immenſe.diftance from vs, that 
their apparent diametets are exceedingly ſmall ſo that every little particle 
df duſt chat floats in the air and comes between qut eye and any fixt ſtar is 
big cneagh to cover it, and hide it for a moment fpom our fight: now our 
air ncar the earth is ſo full of various kinds of vrhich are in conti- 
_ pual mgtion, chat ſome one or other of them is perpetually paſſing between 
us andiann ſtar chat r look at, which make us 6very moment alternately 
ſee lit aui loſe be rv of it; and this of the ftars-is greateſt in 
thoſt ſtars which ure neareſt the horizon, beecauſt they are viewed through a 
good dxal of chiek air, here the intercepting are moſt numerous, 
whereas ſtars that are near the zenith do not twinkle ſo much, becauſe we 
do not daok at them through ſd much thick air, and therefore the intercept- 
ing particles being ge wers come led frequently before them: as for the planets 
| e; much nearer to us than the ſtars; | a ſenſi- 
ble apparent magnitude, and that ſo great as not to be covered by the ſmall 


particles be fore mentioned, and therefore they do not twinkle, but ſhine with 
© ſteady light. That this is a true account of this matter, any one may be 
ceaſily ſatis sed by the following experiment; lay a ſmall flat piece of glaſs of. 

eee eee eee betyveen your {elf and the 
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ſun, with the plane of it a little declining from tlis ſuiy ſo that retiring from #16. 
it chree or four hundred yards you may ſes the light of the fur ſhiiing upon 
it to that diſtance or farther: if you come ſo neat thẽ glaſs that ihe tage of 
the ſun reflected from it appears bigger than ùne of the largeſt ſtars in the hea - 
ven, you will ſee it ſhine with a Ready light, and look like a planet: hut if 
you keep your eye upon it and go from it to the diſtance of thtee or four 
hundred yards, till its apparent diameter is no bigget than that of a ſmall ſtar, 
you will perceiveiititwinkle in the fame manner ad the ſtars do: in lie tnan- 
ner, if you turn your face towards che ſun, ahd lock upon à plowed field 
where there are many ſmall ſtones, you may obſerve ſome of chem that are at 
a diſtance to xinkle, whilſt others that are nearer/ſhine With a ſtead light. 
$585 It muſt be confeſt, that ſome of the ſtars appear ſo large naked | 
eye, that one would be apt ak che, forage en lis. | 
mall duſty particles.juſt now: mentioneti; but it is to be cnſñidered, that all 
luminous bodies appear larger than other bodies of the ſame dimenſions, be- 
cauſe the force —— the particles of light emitted N — | 
che retina, is ſuch as to cauſe a trembling or vibration, not onhy in thaſe parts | 
upon which the picture is painted, but alſo. in the parts tuund about: | 
fig. 1, ſuppaſe the light emitted from a tar ſhowld really fall upon only the 1 
point a of the rexina;*, yet if it comes with ſuch force as to canſe a mung 
round about that point as far as che circle 4c de teaches, the ſtar will | 
of the ſame magnitude as if its picture on the retina took tp the area of chat | 
circle: if the force of the emitted rays be abated, as they-areby-paſling.chrough 
glaſſes, whereby many of chem are reflected, the luminous object loſes ſome of | 
that adventitiousap and paints its 1 its true : 


parent 
dimenſions b. And thus it is been 
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we ASTRONOMY BOOK 2, 
in reality the largeſt which appear ſo tous and ſhine with the ſtrongeſt luſtre, 
or their diſtances from us may be unequal, and thoſe ſtars may be fartheſt 
off which ſeem ſmalleſt to the eye and give the fainteſt light; or in ſome in- 
| ſtances theſe: two cauſes may both combine to make that difference which we 
perceĩve among the ſtars, and ſome of them may excel in brightneſs as well 
as appear larger than others, becauſe they are both bigger in themſelves and 
nearet to us: however this be, aſtronomers have from their apparent mag- 
nĩtudes diſtinguiſhed the ſtars into fix orders or claſſes: the firſt contains thoſe 
of the largeſt fize, the ſecond thoſe which appear next in bigneſs, and ſo on, 
till ve come to ſtars of the ſixth magnitude, among which are counted the 
ſmalleſt that can be ſeen with the bare eye unaſſiſted with glaſſes: as for thoſe 
which cannot be diſcerned without the teleſcope, and are therefore called te- 
leſcupit ftars they are not reckoned into the fix orders. Now although this di- 
ſtribution of tho ſtars be generally received, we are not to imagine that all 

the ſtars of any one of theſe claſſes are exactly of the ſame bigneſs, we may 
rather ſay there are almoſt as many orders of ſtars as there are ſtars, there 
is ſuch a difference in the bigneſs, colour, and brightneſs of them: thus, 
ſome of thoſe which are reckoned of the firſt magnitude are much larger 
chan others which are placed in the fame claſs; ſo that there is for that rea- 
ſon a diſagreement among the aſtronomers in this reſpect, and the fame ſtars 
are counted by ſome of the firſt magnitude, which others have aſſigned to the 
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of THE STARS, THE NUMBER OF THE'STARS, THE MILKY WAY- 
38 The ſphere of the fixt ſtars was by the ancients divided into ſeveral 
conftellations or afteriſms: a conſtellation is a collection of ſtars which in the 
heaven appear near to one another, and may be imagined to repreſent the 
figure of ſome real or imaginary animal, or of ſome other known viſible thing: 
as à ram, a lion, a centaur, an harp, a crown &c. the number of the ancient 
conſtellations is 48, the number upon our preſent globes is about 70: I call 
thoſe the ancient conſtellations which we have received from the Grecks, and 
particularly from Ptolemy a: we find fome of theſe occaſionally mentioned 
by Homer and Heffod, but Aratus® profeſſedly treats of them all, except rw 
or three which were invented after his time, and that in the following 
method: 1 Be ſhews how each conſtellation is ſituated in reſpect of thoſ 
tharare*ntar it, 2 what poſition it is in with regard to the principal cit- 
2 In his Himagef or Ferant emule; in fine bib. 7, & initio dl. . b vv. Anti phenomena * 
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CHAP. 2. ASTRONOMY 173 
cles of the ſphere, 3. what other conſtellations riſe or ſet with'it: this falls 
far ſhort of the accuracy of Hipparchus the Rhodian and of Ptolemy, as 
to ſetting down the places of the ſtars; but was ſufficient for the uſe of 
failors, and the purpoſes of husbandry, which were the ends chiefly propoſed 
by this author, who lived about 270 Years before the birth of our Saviour, 
and is the poet cited by St. Paul, Acts 17. 28. Aratus has been in ſuch e- 
ſteem, as to be tranſlated by Cave. Ceſar Germanicus, and Ovid, paraphraſed 
by Avienus, and illuſtrated by about 5o commentators * . Hipparchus the By- 
thynian b has ſhewn, by ſeveral paſſages quoted from the writings of them 
both, that he followed che deſcriptions of Eudoxus, who flouriſhed about 
100 years before him, and it is very probable that the Greek "aſtronomers 
who ſucceeded him continued to uſe the ſame figures of the conſtellations, | 
all along down to Ptolemy, though with ſome variations and additions. 
588 Ptolemy's work has been always in ſuch eſteem among the aſtrono- 


mers, that almoſt all who have written ſince his time have agreed in drawing 


the figures of the conſtellations, or ſuppoſing them to be drawn, ſo as to an- 
ſwer his deſcription of them, as far as poſſible: and indeed this is neceſſary, 
to avoid confuſion in comparing ancient and modern obſervations t 21 
thus for example, the great Bear ſhould be ſo delineated that every ſtar in that 
conſtellation which is taken notice of by Ptolemy may be in the ſame part of 
the figure, viz. the ſnout, the eye, the forehead, &c. as he deſcribes it. It does 
not appear that Prolemy publiſhed any Pictures of the conſtellations, if he did 
they are not come to our hands; the moſt ancient pictures we have of them 
are thoſe publiſhed out of an ancient manuſcript by Grotius ; but theſe he 
juſtly obſerves, though venerable for their antiquity, are by no means agree- 
able to the originals in the heaven: as for the figures printed in ſome editions 
of Hyginus d, the deſigners of them ſeem to have followed their own fancies 
in delineating them, without any regard to the deſcriptions of the author... 
589 One ul of the conſtellations was to diſtinguiſh the ſtars from one ano- 
: thus, if we mention the ſtar in the bull's northern eye, an aſtronomer 
knows what ſtar is meant, as well as if we pointed it out to him in the hea- 
ven. In the infancy of aſtronomy, only the principal ſtars were taken notice 
of: thus, at firſt only ſeven ſtars were reckoned in the little bear, and the 
lame number in the great bear, and they were then called the two Wains 
or. waggons, each of theſe having four ſtars in the form of a parallelogram, 
which repreſent the wheels, as the three ſtars lying almoſt in a trait line do 
the beaſts of draught: agrecably to this the 7 principal ſtars in the great or 
are at this day commonly called Charles's wain. _ 


cr ng in Manilium p. 25- & Grotii Syntagma Arateorum is ofif. dedicat. b n 
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590 The names of the conſtellations and the number of ſtars obſerved in each 
of them by different aſtronomers are as follows, 
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The ancient conſtellatians. 
Urſa Minor oa little Bear 
Urſa Ma e great Bear 
A 8 3 
-epheus 
Bote . — 
— Bor. the N. Crown 
3 Engenafin Hercules kneeling 
the Harp 
Ses Gallins Fw an 
e 
| — —_[] -e — 
Auriga the Waggoner 
Serpentarius Serpentarius 
. the Serpent 
Sagitta the Arrow 
Aquila, Vultur the Eagle? 
Antinous Antinous | 
Delphin the Dolphin 
—— Poo felt the Horſes head 
the Horſe 
_ 

r riangle 
Aries _ the Ram 
Taurus the Bull 
Gemini the Twins 
Cancer theCrab © 
8 the Lion 
Coma Berenice: Berenices Hair 
Virgo the Virgin 
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The ancient conſtellations. Ptolemy Tran Marl. Flamſt. 
Eridanus, Fluvins Eridanus 34. 10 Liens 
Lepus W -10r 12 13 16% 19 
Canis major * 29 13 AT; 43 
Canis minor 2 2. Dog. 2 2 13 4.4 4 
Ha | the Hydra ö 60 
Crater the Cup oh pe. 54 3 10 5 
Corvus the Crow 7 4 * 
Centaurus the Centaur 1 | 355 
Lupus, fera the Wolf 19 24 
Ara the Altar 7 2 9 
Corona Auſtralis the 8. Crown 1 ; | 12 
Piſcis Auſtralis the 8. Fiſh I 24 
Il he new ſouthern conſtellations. | 
Columba Noachi Noah's Dove _ to e 
Robur Carolinum the Royal Oak 12 * 
e the Crane | 43 SLE 
Phenix the Phenix 13 i 
Indus the Indian 12 
Pavo the Peacock 14 
. Avis Indica the Bird of Paradiſe 11 
Ape Maſe Muſca the Bee, or Fly 4 3 
the Chameleon „ 
Trian Auſt. the S. Triangle 5 7 
Piſcis volans, Paſſer the flying Fiſh 55 
Dorado, Xiphias the Sword Fiſh 6 
Toucan the American Gooſe 9 
Hydrus the Water Serpent 10 
Hevelius's conſtellations made out of unformed ſtars. 
-  Hevel. Flamſt. 
Lynx the Lynx 19 44 
Leo minor the Hede 1 N 
Aſterion & Chara the Greyhounds 23 . lp Tos 
Cerberus „„ 79H 27 0% 1 
Vulpecula & Anſer the Fox and Goole 27 35 
Scutum Sobieſki Sobieſki's Shield 7 r 
Lacerta the Lizard 10 18 
Camelopardalus the Camelopard 32 WY OE 
Monoceros the Unicorn 19 r 
Sextans the Sextant 11 41 
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zor The conſtellations are ſo delineated as to take in the ſtars, eſpecially 
the moſt remarkable ones, into ſuch parts of the figures as are moſt eaſily di- 
ſtinguiſht: chos, the bull is drawn ſo as to have one ſtar in his ſouthern, ano- 
cher in his northern eye; one in the tip of his northern, another in the tip 
of his ſouthern horn &c: beſides the ſtars which form the conſtellations, there 
are others which could not be comprehended in the figures, but are contain- 
ed in the interſtices between them; theſe, becauſe not reduced into any cer- 
rain figure, are called unformed ſtars a: * of theſe which were reckoned a- 
mongſt the unformed by the ancients have been from time to time made in- 
to new conſtellations by later aſtronomers: thus, to conſole the Queen of 
Ptolemy Euergetes, for the loſs of a lock of her hair which was ſtollen out of 
the eggs of Venus, where ſhe had dedicated it on account of a victory ob- 
tained by the King her husband, Conon an aſtronomer out of ſome unform- 
ed ſtars near the tail of the lyon made the conſtellation of Berenices haird: 
thus Antinouse the favourite of Adrian, beſides being deified by that Emperor, 
was placed amongſt the ſtars, and a conſtellation made out of ſome unform- 
ed ſtars near the eagle received its name from him: in later times, the cele- 
brated Hevelius =- ſeveral new conſtellations out of the unformed ſtars, 
which are now drawn upon our globes, but in fainter lines, in order to di- 
ſtinguiſh them from the ancient ones: I ſhall mention but one inſtance more, 
chat Sir Charles Scarborough phyſician to Charles 2, gave the name of Cor 
ee eee 
that excellent but unfortunate Prince Charles u. 

592 Since the diſcovery of South-America, the Portugues and Dutch 
navigators, croſſing the line, and having a view of the ſtars near the ſourh 
pole, have i our globes with new ſouthern conſtellations which 
were unknown to the ancients: ,as: el Dorado ne Rc Cruzero 
the croſs, which we call the Croſiers cc. 

3093 In the numbers ſet down in the Redgels cable, the unformed ſtar 
are reckoned to the ſeveral conſtellations to which they belong: Coma Bere- 
nices and Antinous are printed in a different character, becauſe, though both 
of them be mentioned by Ptolemy, the firſt of theſe is counted by him among 
the unformed of the lyon, the latter among the unformed of the eagle. The 
numbers of Hebo are taken from his progymnaſmata; thoſe of Hevelius, not 
having his prodromus at hand, I tranſcribed from Flamſtead's Hiſtoria Cæ- 
Weis a vol. 3, as I did alſo the numbers of the new ſouthern conſtellations. 
HFlamſteud's numbers of ſome of the old ſouthern conſtellations I have encrea- 
b by the addition of thoſe ſtars of them which cannot be ſeen in England, 
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but have been obſerved at Su. Helena by Dr. Halley. The names in the firſt 
column are thoſe in common uſe, ſeven of Ptolemy' names are different from 
them, theſe are added in italic: thus Hercules is by him called Exgonaſin, i. e. 
a man kneeling: inſtead of the ſwan he has a word which ſignifies a foil in 
general, or particularly one of the hen-kind: Pegaſus in Ptolemy is the borſe : 
in — room — Libra, he has Cbelæ, the —. ; for among the ancients the 
Scorpion was drawn larger than at preſent, — of it took up 
that part of the heaven which is now aſſigned to Libra: Eridanus, is by 
him called tbe river: and in lieu of the wolf he has the wild beaſt. Several of 
the conſtellations have more names than one: thus, Bootes is alſo called Arc- 
tophylax: and Opbiuchus is another name for Serpentarius: not to mention 
other names which ſometimes occur, eſpecially among the poets. 

594 Beſides the additions mentioned, 5 591 — there have alſo at dif- 
ferent times been ſome alterations made in the forms of the conſtellations: thus, 
Ptolemy, who chiefly. followed Hipparcbus, ſays, I. 7. c. 5. of his Almageſt, that 
he does not always make uſe of the fame figures with thoſe before him, but 
had, for the ſake of giving his figures a truer proportion and adapting them 
better to the ſituation of the ſtars, made many alterations therein, as the a- 
ſtronomers before his time had done, in the conſtellations of thoſe that were 
more ancient: and he inſtances particularly in ſome ſtars, which, by reaſon 
of their great diſtance from her head, he placed in the ribs of Virgo, where- 
as Hipparchus had placed them in her ſhoulders. This obſervation will ex- 
plain to us how it comes to paſs that we find a difference amongſt ancient 
authors, in their deſcriptions of the conſtellations : thus, the bull is drawn 
according to Hipparchus and Prolemy with only head and neck and fore- part, 
as we have him upon our preſent globes; whereas Vit ruvius, "YE and = 
thers deſcribe him entire, and place the Pleiades in his tail. 
$595 Beſides the names of the conſtellations, the ancient Greeks, wks were 
imitated herein by the Romans and Arabians, gave names to ſome ſmall col- 
lections of ſtars, as alſo to ſome of the moſt remarkable ſingle ſtars, on account 
of cheir being ſuppoſed to have ſome particular ſignificancy and influence: 
thus, the cluſter of ſmall ſtars in the neck of the bull was called the pleiades: 
five ſtars in the bull's face the byades: a cloudy ſtar in the breaſt of the crab 
was called praſepe, the manger; and two ſtars near it a/e/li, the aſſes: four ſtars 
at the extremity of the right hand of Aquarius were called the urn: fourteen 
ſtars between the tails of the fiſhes were called the lines: whereof ſive ſtars 
were reckoned in the northern, and nine in the ſouthern line, and the bright 
ſtar between chem was called the knot: the ſouthern crown was called by ſome. 
uraniſcus, by Hipparchus, the herald's rod, ſuch as Mercury is uſually drawn 
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with: the preceding ſtar at the feet of Gemini was called propus : a bright 
ſtar in the breaſt of Leo, the lyon's heart, and baſiliſcus, or the royal ſtar: a large 
ſtar between the knees of Bootes was called Arcturus: one in the ear of corn 
which VJ imo holds in her left hand, ſpice Virginis: one in her right wing, 
e h, vindemiator: the Pleiades were by the Romans called Vergi- 
lie, and the Hyades, Suculz: the biggeſt ſtar in the harp often takes the 
name of the conſtellation, being called Lyra by the Greeks, and by the Ro- 
mans Fidicula. 

As the Europeans firſt learned aſtronomy from the Arabians, many 
er names of ſome of the principal ftars are ſtill retained by them, though 
ſome of them are ſo wret y mangled by ignorant tranſcribers that it has coſt 
learned men a good deal of pains to ſet them right, others they have not been 
able to make any thing of at all, but this very thing, their being uncouth or 
unintelligible, may perhaps have recommended thoſe names to our aſtrologers; 
otherwiſe, it ſeems to be as agreeable to good ſenſe for an engliſh writer to call 
a ſtar the fiſhes mouth, as to call it fomabaut, an arabick word of the ſame 
i the like may be ſaid of the reſt, however, ſince cuſtom has ſo 
prevailed that we cannot help meeting with thoſe names in books, and upon 
our globes, I ſhall give thoſe which occur moſt A as correctly as 
can, in the index. 

5097 It is very probable the ſtars, eſpecially — of che moſt remarkable 
collections of them, ſuch as Charles's wain, the Pleiades, Orion, &c. were 
formed into conſtellations and had names given them, in the early ages of 
the world: ſome of them, by their different appearances, ſerve to mark out 
the ſeaſons of the year, and upon that account were not only taken notice of 
as directors when to begin plowing, ſowing, and other works of husbandry?, 
but were alſo thought to have a great influence over the temperature of the 
air, and the fruitfulneſs of the earth; ſo that, from their being ſigns, point- 
ing out the times of the year when heat or cold, dryneſs or moiſture are u- 
ſually predominant, they began to be looked upon as the cauſes of thoſe qua- 
lities in natural bodies, and were imagined to have dominion over minerals, 
vegetables, and animals, over the complections, and conſtitutions, and even 
the tempers and diſpoſitions of mankind: this opinion found credit the more 
eaſily, becauſe the ſun, moon, ſtars, and planets were believed to be of a d- 
vine nature b, ſome held they were inhabited by an inferior kind of deities, 


"a Hihod. Oper. & dier. 1. 2. v. 1 U 2. b Voſlius d: origine & preꝑreſſi Idolalatri . 1. 2. c. 30 
e Lan Su wocat Alcinous, de dofrina Platonis. Singulis aftris fingulas animas tribuit Plato, in Timzo 
. 41. ed. Serrani tam ca lum quam fellas animalia eſſe, ex corum motu, credrbant philoſophi vett. Achilles 
Tomy Vt by 128. ed. Petav. Pythagor«i exiſtimabant planetas Me corpora di vina, Gemin .ummys/- 6. 4 
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which governed their motions and directed their influences: others that thoy 
were animals, and had each of them a living ſoul, which was guided by/an 
intelligence: others, that they were animated by a part of the ſubſtance of 
the ſupream being: each of theſe notions led mankind to pay them religious 
worſhip. 'The- moſt ancient idolaters are with great probability thought by 
ſome learned men to have received the name of Zabii, from worſhiping the 
hoſt of heaven®: this they could hardly do, without dividing the ſtars into 
parcels, as we find their apteſt ſcholars in idolatry the Egyptians did, who 
divided the heaven into ſeveral regions, which they called the ſtations or man- 
ſions of their gods b. 5 | | a 

598 The Egyptians worſhipped the heavenly Bodies, but eſpecially the ſun 
and moon, which they called their great gods: they thought the ſun, whom 
they called Ofiris, a proper repreſentative of the ſpirit of nature, the ſoul of 
the world, or the ſupream being, who is every where preſent, exerciſing his 
power over every part of the univerſe ©. The moon as ſhe receives her light 
from the ſun was looked upon as female, and called 7js4, which goddefs is 
ſometimes made to fignify univerſal material nature, conſidered as paſſive, 
and ſuſceptible of various impreſſions, forms and qualities; but the moon 
conſidered in another view, as active, diſtributing light and warmth over the 
face of the earth, was ſaid to be male: thus I/s and the moon were count- 
ed of both ſexes ©, They found, or imagined themſelves to find, in various 


2 DDE NAY = habamaim Hyde de relig. wet. Perſar. c. 3. Pocock, fpecim.- Hiſt. Arab. alias 
adfert etymalogias Spencerus, det leg. Hebr. 1. 2. c. 1. ipfe, Scaligerum ſecutus, ex PAY, voce Ara- 
bica, que orientales denotar, nomen derivari contendit. When we are told, what Spexcer has ſufficiently 
made out, that many of the obſervances of the Moſaick law which ſeem to be trifling, or to ſerve only to 
exerciſe the obedience of the Jews, were inſtituted by God; in order to preſerve that people from the idola - 


- Zabiis, D' Herbelot, Bibliotheque Orientale, in voce Sabi. b Kircherus Oedip. Agyptiacs T. 2. 
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bierogl. 5. & 10, & alias, hine Sol wocatur «burur®- Give if Hoxens ace, Onomacrito (vue Or- 
pheo) in hymn. & une; T«//m47me Os- Proclo hymn. in Salem. Deos omnes ad film, ad lunam Deas omnes 
referri, oftendit Kircher. Obeliſe. Pamph. 1. 3. . 13. Solem Ofiridis, lunam Ifidis nomine intelligi, idem ibid. 
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animals, ſome properties or qualities correſponding to the motions, appear- 
ances or influences of the ſun, moon, and ſome of the ſtars: this induced 


them not only to uſe thoſe animals in their hieroglyphic repreſentations of 


their deities, but alſo to pay them divine honours : thus, they called he 
beetle* a living image of the ſun, they pretended that thoſe animals roll up 
their eggs in little round pellets of dirt, which they turn towards the weſt, 
while they themſelves continue creeping on towards the eaſt; by the firſt of 
theſe motions exhibiting the diurnal, by the ſecond, the annual motion of 
the ſan and planets. They made the hawk b, upon account of his piercing 


eye, ſtrength, ſwiftneſs, and ſome other qualities, an hieroglyphic of the ſun, 


and ſomerimes of the ſupream being. By the ram*®, a prolific animal, they re- 
preſented the genial fertilizing warmth of the ſun in the ſpring; as they did 
his violent ſcorching heat in the ſummer, by the hot and furious beaſt 7he 
lyon d. The bull® was looked upon by them as another emblem of the various 


powers of the ſun, in forwarding the buſineſs of agriculture, wherein this 


creature is very ſerviceable, the worſhip of a living bull with ſome peculiar 
marks, to which they gave the name Apis, in one part of Egypt, and Mnevis 


in another, is mentioned by a great number of authors ; the Jews golden 


calf is thought to be an imitation of this piece of Egyptian idolatry. The 
goat & had divine honours paid him in ſome parts of Egypt, as a repreſenta- 
tive of the tendency of univerſal nature to propagate the ſeveral ſpecies of 
beings; from hence the Greeks took their image of Pan b. They deified 
the Nile i whoſe overflowing is ſo beneficial to the land of Egypt, and as that 
river was obſerved to begin to ſwell at the riſing of the dog-flar ; this made 


them have a particular veneration for that ſtar, as if irs benign influence 


contributed to that fruitfulneſs which the Nile occafioned: they called the 
ſar Jßis r, the name of their great goddeſs, and Thoth', the name of their god 
Mercury, whom for his ſagacity in the invention of letters, arts and ſciences, 
they ſometimes painted in the form of a dog, or of a man with a dogs head, 
and worſhipped him under the name of Anubis n. They called the fame ſtar 
Sothss, or Siothi, which in the Egyptian language, according to Kircber, ſig- 

nifies holyn. Siboro and Siris are other names for the Nile, from whence 79, 
2 Hor. Apoll. J. 1. Siergl. 10. Kirch. Obel. Pamph: 5. 122, 308, 335. k "Tor. J 1. hier 
ghpb. 6. Kircher. Obeliſ. Pampbil. p. 309. e Kircher. ibid. 5. 269. d 1d. ibid. 9. 282. e 14. ibid 

p. 256. f Kircher. Oedip. Ape. T. 1: 5. 194. Voll. de 1dololatr. J. 1. c. 29. Selden. de Dri: Syri 
Syntagm. l. c. 4. 5 Kircher. Obeliſe. Pamph. p. 274. h Kircher. ibid. Voſlius de Idol. I 3. c. 74. 


i Kircher. Oed. pp. T. 1. p. 48. Salmaſ Plinian. exercit. p. 427. de Nils etiam v. Selden. de Dii 
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Adami flio trabit ken. de Diis Syr. Prolegom. c. 3. o Sichor Hebr. . binc olim arne 
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usa derives Sirius, che greek name of this ſtar, which was imagined to have 
ſuch dominion over that river; as alſo Oſiris, the name of one ol theit prin- 
cipal deities. The wolf b, a rapacious devouring animal, was loobed upon by 
them as an emblem of the conſuming power of the ſun. Vingo was a repre- 


ſentation of their goddeſs: 15. The Scorpion e was an emblem of the deſtruc- 
tive power of the malignant genius Typhon. The triangle was a picture of 
the land of Egypt, which is of a triangular ſhape; and therefore Kircher d de- 
rives deltaton, another name for that conſtellation, from deituti, which in the 
Egyptian language ſignifies a good country, rejecting the common etymo- 
logy taken from its reſembling the greek letter A. The balance was the hie- 
roglyphic of juſtice, and therefore libra was thought a proper conſtellation 
for that part of the heaven wherein the ſun appears at one of the equinoxes, 
when he diſtributes equal day and night to the whole earth: or, if it be con- 
ſidered with regard to the land of Egypt, it may intimate the equal diſtri- 
bution of the Nile to the ſeveral parts of the country, by the genius of the 
waters; for the figure of this conſtellation was among the Egyptians a man 
holding a pair of ſcalese. To mention no more, the Egyptians, worſhipped 
ſerpents and fiſbes f. The altars is alſo ſaid to have been an hieroglyphic of the 
land of Egypt. I have here confined;myſelf chiefly to ſuch animals and other 
figures as we meet with, among our preſent conſtellations, which I think 
were moſt of them originally Egyptian. enn eu ien e ii 
599 That the Egyptians worſhipped all the animals, and uſed the figures 
abovementioned as hieroglyphics of their deities, Kircher* proves at large by 
the teſtimony of ſeveral. ancient authors; to which we may add a remarkable 
paſſage in Heredatusi, who ſays, that in Egypt all ſorts of beaſts, as well wild 
25 tame, were accounted ſacred: and indeed I am inclined to think chey wor- 
ſhipped the hoſt of heaven and all forts of animals, While the children of I 
rael lived among them, from the caution Moſes gives that people, Deut. 4. 15. 
Take heed leſt you corrupt your ſelves, and make you a graven image, the ſi- 
militude of any figure, the likeneſs of male or female, the ſikeneſs af any beaſt 
that is on the earth, the likeneſs of any fowl that flieth in the ait, the like- 
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| neſs. of any ching that creeperh upon the ground, the likeneſs of any fiſh that 


ven, and when thou ſeeſt the ſun and the moon and the ſtars, even all the hoſt 
*of heaven, ſhouideſt be driven to worſhip them, and ſerve them, which the 


Lord thy God hath divided unto all nations under the whole heaven. But the 


Lord thy Sam e you neee you forth out of the iron furnace, 
even out of The mention here made of their being brought out of 


che land of Egypt ſeeins to be intended; to put the Jews in mind of their 


deliverance from the idolatrous eee you As from the 
60 0 The Greeks, who — — of the Eppan“, e ſeve- 
ral of dbeir ſigutes, as che ram, tbe bull; the lyon, the dog, tbe triangle, &c. 
bot acmmodated almoſt all of them tothe fabulous hiſtory of their gods and 
heroes, whom in this manner placed among theſtarsd, but there is a great 
diſagreemont in their fabulous relations: thus, the Twins are by ſome ſuppo- 
ſecd to repreſent Coftor and — by others Apollo: and Hercules, or Triplo- 
emu and Jaßon: I do not think it worth the while to enter into the detail 
of the hiſtory, whether true or fabulous, to which the conſtellations are ſaid 
to relate; enough of it may be ſeen in Eyginus c if any one is not ſatisfied 
With What he finds there, let him dad Riga Almageſt.1. 6. c. 3, 4, 5, 
and the authors there quoted, as alſo Sberburne o notes upon Manilius. Sir 
Jaac Newtond — Migſcrus, ho is ſald to have made the firſt globe a- 
mong che Greeks, was father to Orpheus, one of the Argonauts; and that the 
c + pare of the hgvires upen rhe celeſtial globe ate made to relate to things 

perſons concerned in che 'A ; expedition; and none of them are 
fuppoſed'by any authors to bear relation to any tranſaction of later date: this 
is very true; but che great diſagreement there is among the mythologiſts in 
their/acoounts of thoſe figures ſhews them to be of greater antiquity, and that 
the conſtellations were received: ſome. time among the Greeks, before their 
poets, aeboriling to their ſeveral fancies, applyed them to different fables. | 
-=466t*Tt-tmuſtbe owned the ſtars are capable of being reduced to figures very 
different from thoſe now in uſe among us, thoſe ſtars which are formed into 
gn . e horſe or ANY: ather aglinal, in fact the conſtel- 
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is in the traters beneath the earth, and leſt thou lift vp thine eyes unto hea- 
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CHAP; 2. ASTRONOM T f 
ſtitious Arabians, though they received their aſtronomy From the Greeks, 
have given ſome of their conſtellations different figures; this they are ſald to 
have done becauſe they thought it unkhwful/to draw any human figur and 
therefore they change all ſuch on che celeſtial globe into ſome bther form, 
and very often abſurdly enough: thus, inſtead of Aqrarizs they give us the fi- 
gure of a mule ſaddled carrying wwo barrels; for Gemini two pæacochs V ir. 
go with them is a wheat- ſheaf, the centaur is an horſe and a bear fighting, 
Auriga 1 is a mule ſaddled, with a bridle drawn-ſo as to have ſome ſtars upon 
it, whereas there are none upon the bridle of Aurigu as drawn'by:the Greeks: 
for Ophiuchus they draw a ſtork or erane, for Hencules they make a camel 
with his furniture kneeling; for Sagittarius they draw only a quixer fon Ca 
fiepea they place a bitch in a chair, for Andromeda a ſea- calf, and ſor Gepheus 
a dog, inſtead of Bootes they put a monſtrous figure —— = ov AR 
not tell what to make of. nor. in Barburic. Mami. p. 484. 
602 Some chriſtian aſtronomers b, diſpleaſed to ſee the heaven — fixe 
ſtars poſſeſt by the fabulous hearhen deities and heroes, have been for malting 
a reformation in that point, and have propoſed to retain the ancient figures, 
referring them to ſome ſcripture hiſtory: in this view they would have the 
ram to be a memorial of that which was offered inſtead of Iaac, Virgo to re- 
preſent the B. Virgin, &c. Others would new model all the conſtellations, 
and pur them into different fotins: thus, for che rwelve conſtellations of the 
ac; they give us the twelve Apoſtles, &c. but chis laſt projet would bring 
olerable confuſion into aſtronomy,” in comparing the ancient and modern 
obſervations; to prevent which, the beſt wie is/to e figures an near 
as poſſible to the deſcriptions of Plolemp. „ ien ee 
603 There are fu ————— Bee mf the confellagions, 
either ſuch as they appear in the ſphere of the heaven ar which are he te 
verſes of the former, ſuch as are drawn upon the common eeleſtial-glabe; if 
a large room were built with its inſide of a ſpherical form, the conſtellations 
might be drawn thereon as they appear in the ſphere of the heaven it. ſelf: 
in this manner chey puh be ler en die concave furſace of my gig ſphere 
if one looks into it: in the ſame manner they may alſo be drawn upon tw 
concave hemiſpheres. which would contain them all, or, which would be 
better, ſegments derben might be made of braſs or paſtboards, of ſuch di- 
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| ſept | a ſingle conſtellation upon its con- 
cave fürfsse. The convex-ſurface of my glaſs ſphere;ſhews the conſtellations 
the ſame as che common. celeſtial globe does, that is, ſuch as they would ap- 
pear if we limagine the ſtars all to be fixt in the ſurface of a ſphere, and to 
be viewed by a ſpectator un the outſide of it looking upon its convex ſurface, 
604 Sometimes the 'conflellations are draum upon two planiſpberes pro- 
jected circle; this way gives us the pictures of the two concave 
hemiſpheres i in plana: the nature of theſe projections may be underſtood from 
8 5 bt as we have obſerved thoſe maps of the earth to repreſent it in the 
trueſt proportion which ſhew us a ſmall part of it, $539, ſo thoſe maps of 
the heaven will ſhevy us the ſtars in the trueſt firuation which take in only one 
conſtellation entire, with ſome parts of the adjoyning ones. 

605 The-firſt 2% F all theſe concave ener, plamiſpheres, globes and 
| of the- conſtellations is, by comparing chem with the originals, to 

now hs: —— it has been already obſerved book 1. chap. 2. 

that, by the rotation of the earth round her axis one way, the heaven with 
all the ſtars, Ste appears to revolve the contrary way; ſo that, though the fixt 


ASTRONOMY 


ſtars keep their ſituation with reſpect to one another, the ſphere of the fixt | 


ſtars is changing its poſition with reſpe& to us, every moment of the natural 
day: therefore, to compare the ſtars upon a concave hemiſphere, globe, pla- 
niſphere, or picture, with the ſtars in the heaven; e muſt place the globe, 
hemiſphere; &c. in ſuch a poſition as to correſpond wirh the preſent ſituation 
of che heaven: I ſhall hereafter ſne how i remiſy the celeſtial globe to any 
time of the night, chat is, to place it ſo, that every ſtar upon the globe may 
Point at its correſponding ſtar in the heaven; and then the conſtellations may 
be known, by comparing the heaven and the globe with one another: thus, 
if I would and a ftar called Arturus in the heaven; the globe being redi- 

fied*t6 the time of night, I find Arcturus thereon, then if I imagine a line 
— from the center of the globe through that ſtar, chat line conti- 
nued will point at Arcturus in the heaven. Suppoſe, on the other hand, I ſee 
ſome” bright ſtar” in the heaven which I want to know upon the globe, I fir 
the globe to che time of night, and then if I imagine a line to be drawn 
from th Nu 0 the center of the globe, it will point at the correſponding ſtar 
on ie fur aer of rhe globe. Maps of the concave ſurface of the heaven, eſpe- 
eially ſuch as take in pnly one conſtellation with ſome parts of thoſe which 
ſurroumd it, are very uſcful for the purpoſe of being acquainted with the 


ſtars?" of this ſort are the figures given us by Bayer in his Uranometria, and 


| thoſe.of Plamſteed publiſhed after his death by Hodgson; the manner of uſing 
dber vill be ſeen by che following example: if I would know the ſtan i 
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the great bear, I turn the figure about, till the principal ſtars thereof are in 
the ſame ſituation with regard to upper or under, right or ſeft, as they, ap- 
pear in the heaven, at the time of making my obſervation ;. when this is done, 
it is eaſy, by locking firſt on the heaven and then upon the map, to ſee to 
what parts of the figure, wherher to the eye, ſnout, &c. the reſt of the ſtats 
are to be m e 
606. A catalgus M tbe ſtars contains both the conſtellations and the un- 
formed ſtars, with the number of ſtars in both, and the place of each ſtar: 
the firſt of this kind amongſt the Greeks was made by Hipparchus of Rhodes, 
who flouriſhed about 140 years before Chriſt: he, as Pliny informs us, Net. 
Hit. l. 2. c. 26, upon the appcaranee of a new ſtar, began $9 doybt whether 
there might not be changes. amongſt the fixt ſtars, and therefore made a ca- 
talogve of them, ſetting down the place and magnitude of each ſtar, thats if 
in time to come any ney: ſtars ſhould come into view, or any of thoſe obier- 
ved by him ſhould jhcreaſe or be diminiched in magnitude, or ſhould totally 
diſappear, fuch-changes-might be known to after ages: here; we have one 
uſe of a catalogue f the fart pointed out to us; another uſe is to determine 
thereby the true places and motions of the heavenly bodie.. 
607 The moſt ancient catalogue now remaining is that of Pralemyꝰ, copied 
chiefly from Hipparebus but with ſome few alterations, as was ſaid 5 694, 
he ſertles the places of the Rar as he himſelf obſerved them, in che beginning 
of the reign of #{nteninus-Piue, about A. D. 140; the number of ſtats in this 
catalogue is 1026. In imitation of Ptolemy, ſeveral aſtronomers have ſince his 
time made catalogues of the ſtars, computing their places for ſome year in or 
near their own time: this perhaps may want ſome explanation, fur which 
purpoſe it is to be obſerved, that the place of a ſtar is denoted by ſetting down 
1 longitude and latitude b, and chat, though the fixt ſtars keep the ſame ſiua- 
tion in reſpect of one another, che ſphere of the heaven appears to have a flow 
motion, by which. the longitudeof all the ſtars is altered, at the rate of abour 
50 in a year, their latitude continuing the ſame; this makes it neceſſary for 
any one who males a catalogue of the ſlars and ſets down their longitucles 
and latitudes, to tell us for what point of time the catalogue is calculated. 
608 The Arabians are the firſt who after Prolemy obſerved the ſtars and 
noted down theit places: the learned Hyde mentions ſeveral of theif c 
logues, and publiſhed the moſt eonſiderable one of them in arabic with a la. 
in tranſlation, it was made by Ulug Beigh grandſon to Tamerlane, from his 
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own obſervations, at Samarcand: the number of the ſtars contained therein 
is 1022, the places of the ſtars are reduced to A. D. 1437. 
609 The noble Tycho Brabe® tells us, that he had, by his own obſervations, 
rectified the places of 1000 ſtars, and that he put that number upon his globe 
of ten feet diameter; notwithſtanding this, his catalogue publiſhed in his 
progymnaſmata, A. D. 1602, a year after his death, and afterwards by Lan- 
gomontanus in his Aftronomia Danica, contains but 7757 ſtars, with their 
y_— for the year 1600: we have therein ſome ſtars omitted by Ptoleny, 
che whole number falls ſhort of his, becauſe ſeveral ſouthern ſtar; 
which ould be een by Prolemy ar Alexandria in Egyps are not viſible in F. 
boos mort Lorthern ſtuation ar Uraniburg, 
5610 About the fame time with'Tycho, Wilkam Landgrave of Heſſe, afſif- 
ed by Rothmanims and Byrgius, obſerved the ſtars, and inferted 400 of then 
In a catalogue, rectifying their places to the year 1593. 
5611 Bayer in his Uranometria publiſhed a catalogue of 1 160 ſtars, com- 
piled chiefly from Prolemy and Hobo, together wich very beautiful figures of 
the Conſtellations d: one thing which makes this work valuable is this, that, 
befides deſcribing the ſtars in the manner uſed by Prolemy, every Rar is marked 
with ſome letter, in ſuch a method that the biggeſt ſtar of every conſtellation 
is denoted by the firſt letter of the greek alphabet, the next biggeſt ſtar by the 
ſecond &: and when any conſtellation contains à greater number of ſtr 
than that alphabet will reach, thoſe chat remain are marked in like manner 
by letters of the Roman alphabet: by this means every Mar i us eaſily diſtin- 
guiſnt, as if it had a name given to it: thus, if mention is made of the 
ſtar in the conſtellation of the ram marked by Bayer with the letter y, every 
aſtronomer knows as well what ſtar is meant, as if it were pointed out to 
him in the heaven: this invention is fo uſeful, that Nlamſteced has in his own 
| catalogue taken in Bayey's letters, as far as they go; 'as Sexex alſo has done 
upon his globes uf the largeſt Ee as alſo upon his planiſpheres. 

612 Kepler, who had the uſe of Tycho's obſervations, . 
of 1000 lars obſerved by Hebo, at {Wi hind of his Tabulez Rudolpbinæ; he 
adds thereto thoſe ſtars of Proleniy's catalogue which Tycho' had omitted, to- 
gether with thoſe of the new ſouthern conſtellations, from other authors: fo 
Cs e J e r Nom 5 
for che year 1600. | 
a Is afro. inflauret. mechanica. b Plamfed, ar when, Jafty fads e ih Bope' figures 
for being inverted ; it ſeems the author himſelf made the fame complaint, laying the fauk upon the de 
ſigner or engraver. Ricciol. J. 6. pag. 411. 
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613 The celebrated mene kraft ca- 
ulogue of 1888 ſtars, whereof 1553 were obleryed by nies che places of 
them were computed by him for the year 1666. 

614 The largeſt and moſt complete of all is the Bririſh catalogue of the 
ſtars, owing to the labours of Mr, Flamſteed, Royal profeſſor of aſtronomy 
at Greenwich; it contains no leſs than 3000 ſtars; many of which are ſo ſmall 
that they cannot be ſeen without the help of a teleſcope, the places hers | 
are rectiſied to the year 1689: we have it in the 3d volume of his Hi | 
Czleftis, wherein, beſides that of Ptolemy which is to be met with in a a 
many other books of aſtronomy, we have alſo: the above mentioned an 
4 of Ulug Beigb, Hebo, the Prince of Heſſe, and Hevelius, W 30 

with an account of each of them in the Prolegomena, | 

615 The greateſt number of tars is to be ſeen in a winter's night, ho 
the air is clear, and no moon appears; but aſtronomers tell us that a good eye 
can hardly reckon above 1000 ſtar at a time in the viſible hemiſphere: for 
though in a clear night without moon-ſhine they ſeem. to be innumerable, 
this is a deception of the fight, ariſing from their ſtrong; ſparkling, and qur 
—_ them in a general and confuſed manner without reducing them 

into any order: . whereas, if we come to view them diſtinctly, and conſider a 
ſmall part of the ſphere of the heaven at a time, we ſhall not eaſily diſcover 
a ſingle ſtar but the ſame has been obſerved by ſome aſtronomer, and is in- 
ſerted in his catalogue, and has found a place upon the celeſtial globes of the 
largeſt ſize. Some perſons are able at the fame time to ſee a greater number 
of ſtars chan others, by reaſon of the difference there js in mens eyes; I have 
my ſelf more than once ſeen ſeven, and a learned aſtronomical friend aſſures 
me he has ſeen eight ſtars among the Pleiades, _— 
We hurt according to that often quoted verſe of Ovid, 

"ns Nu ſeptem dici, ſex tamen efſe ſolent. ume £ Have $ 20 ” 
Which ſev'n are call'd, though only fox appear: ter: 
but this is nothing to what Kepler b ſays of his tutor Mæſtlinus, thas he could 
reckon 14 ſtars in the Pleiades without any. glaſſes, and of an eccle 

who could in a clear night count to the number of 40 in the buckler of Orion. 
We muſt therefore, notwithſtanding what was ſaid in the beginning of this 
ä ——ů ů 2 the ſtars to be vaſtly great, 
eee mer ser ern . een 
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616 An ordinary teleſcope will, in ſeveral parts of the heavens, diſcover ten 
times as many ſtars as ate viſible to the naked eye: Hook in his Micrographia 
page 241, ſays, that with a teleſcope of 12 feet he counted 78 ſtars among 
the Pleiades, and with a more perfect teleſcope was able to ſee a great many 
more: Gealike found 21 in a cloudy ſtar in Orion, and reckoned at leaſt 80 
in the ſpace between his belt and his ſword, and above 500 in another part 
of him within the compaſs of one or two degrees ſquare; ſo that he was 
diſcouraged from proceeding in his intention of obſerving all the ſtars of that 
conſtellation : this makes the account of Antonius Maria de Rbeitas not im- 
probable,” who affirms that he counted therein about 2000. 


617 That part of the heaven which is called the milky-way is found by 


the teleſcope to owe its whiteneſs to a great number of ſtars ſcattered therein, 
too ſmall to appear diſtin to the naked eye: the like is true of ſeveral bright 
ſpots in the heaven, which appear like finall white clouds: the greater per- 
fection teleſcopes are brought to, the greater number of ſtars will they diſ- 

cover; and yet there is no queſtion to be made, but that, whatever perfection 
they can be brought to, there will ſtill n 
number of ſtars ſcattered through the vaſt abyſs of immeafurable ſpace, ſo 
that we have reaſon to believe, that only that infinitely wiſe and powerful 
Being who created them is able to den the'number eee to cal 
„ 11g rs repro : 
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618 The olor fen eotifiſts'of the Engl he plaerennd comer wha 
their revolutions round him: and may be thus deſcribed, in the 
midſt of a vaſt cavity ſurrounded every way wich ſtars, which are all at an 
immenſe diſtance from the ſun and from one another, is placed the ſun, 2 
vaſt globe of fire, fixt as to his ſituation, whilft our earth with the five 
and ſeveral comets perform their revolutions round him, at diffe- 
rent diſtances from him, and in different periods of time. The planets may 
be conſidered as ſo many earth, which are in different degrees enlightned 
and warmed by the ſun; perhaps they may be inhabited by creatures both 
rational and irrational, though very different from thoſe upon our earth. To 
an inhabitant of any of che planets our earth would appear like one of the 
reſt of the planets: in this view, we may reckon the earth among the pl 
nets. The names of the Planets att theſe, this neareſt to the ſun mercury, the 
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CHAP ASTRONOMY, 189 
next to him in order venus, then the earth, mars, jupiter; ſaturn. For a further 
account of the names of F at the end of chis chapter. 

619 The diftances of the: planets from the fun are, in round numbers, in 
the following ratio: if we imagine the diſtance of the earth frontitha Gn to 
be divided into 10 equal parts, the diſtanee of mercury from the ſun is 4, 
the diſtance of venus 7 of thoſe; parts, the diſtance of mars 155 of zupiter 
52, of ſaturn 95. How theſe proportional or comparative diſtances are 
found out, will be the ſubject of enquiry in another place; as Will alſo What 
the real abſolute diſtances of the planets ftom the ſun are, in ſome known 
meaſure, and by what means we diſcoyer them. When we compare the di- 
ſtances of the ſeveral planets from the ſun, in a looſer and more general way, 
we call thoſe ſuperior which are further from the ſun, thoſe inferior Which 
are nearer: to him: thus, in reſpect of our earth,. venus and mercury are 
the inferior, mars, jupiter and; faturn tir ſthenier planets im urder td ex. 
plain the appearan ces of the inferior planets, it will be ſomertimes ſufficient: 
— ̃ —-—ê other being ſo much che ſame, 
as not to want a particular explanation: in like manner, there is ſq great a 
ſimilirude between the ſeveral caſes of che ſuperior-planets;| char! an 8 
tion of one will make it eaſy to umderſtand the reſt. o H en N 

620 The periodical times of the planets, — yo ia thier; are 
in round numbers, as follows: mercury goes found the ſud in 3 months, 
venus in 7 months, — Gaqre-Img e in 
12 years, ſaturn in 30 peara. U e 0 4 

621 . phaters to diflinguilh chend | 
from others of an inferior order; for ſome of che primary planega, in their 
revolutions round the ſun; are attended with othet globular bodies ſmaller 
chan themſelves, whith are called ſtrondary planets, moons, or /atelbts; thus, 
our earth is attended by che moon, jupiter has four moons or ſutellits, which 
are not viſible without the — 46 and ſatarn has five, re * 
be ſcen without che help of vety long teleſcopes in n very clear ar- 
622 Phbugh the mein be led, d any of rhe primary planers, yer theis 
fo much nearer to us, that Ine N much larger chan any of them dd, 
and gives a great deal more light chan all-the ſtart and togetheri on 
account of this, and of her appearing nearly of che ſame dimenfians wich the 
fun, the ſun and moau ate Called Hoo grrar Abr, and che moon-is called the 
leſſer light*, as being vaſtly inferior to the fun in brightneſe as well as 'may- 
nitude. The moon, by enlightning the darkneſs of 8 night; which ſhe is 
therefore ſaid to rule, as the fun r and by her various 

2 Gen. 1,46. *** 1 
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 appearances-dividing che year into parts, vrhich from the moon are called 
months, is of great conſideration to the inhabitants of the earth: not to men- 


tion at eee ſhe has eee nen Ee | 


tain upon the weather. 


623 We characters aber 3 1 af put 0 


ſignify; them; are cheſt that follow: the ſun O, the moon , mercury , 
venus 2, the earth '©;:or ©; mars &, jupiter e he * ont 
of theſe chiratter fee the remarks. : Wipe 10 tut ; 

624 'The number of comets which go-round the ſun is not e hne 
ſo many different ones have been obſerved, as to aſſure us there are at the 
leaſt 20 of them, but of theſe glue are enipg or 4;chife periodical times 
and diſtances from the ſun a 
eee ſyſtem is greater than was juſt now men- 
tianed; ſor ſome of chem may be too ſmall to be ſeen without glaſſes, and 
che diſcovery a ſuch muſt be owing to their accidentally falling within the 
teleſcope of ſome aſtronomer, . 
accoant ;/ others; that: in ſome part of their courſe approach near enough to 
che earth to be viſſhle to us, may at the ſame time happen to be ſo near the 
e eee obſer vation; ſor the: ſplendor of his rays is 
Ane glance denen when it is immerſed therein, 
e dome diftance-from him, in order to be diſcernable to us 
625 bet e ee 4 ſum ſutrounded with its proper, planets and 
comets : the fixt ſtars ſeem to be of the ſame nature with the ſun, ſhining 
wich their own light as he does, many of them may equal and even ſurpaſs 
him in magnitude; the reaſon of their appearing fo ſmall is their exceeding 
_ great:diſtance: from us When we ſpeak of plurality. of worlds, the word 
world does: hoc ſignify the univerſe, as in che definition 5. 58 1, but is taken 
in a more refirained ſenſe: for we may either mean that the ſeveral planet 

are habitable in like/ manner as our carth ia, /which in common ſpeech we 

eee e ee ee eee eee ee 
lar fyſtem, eee eee the, ſeveral fixt ſtars with 
che planen and comets: belonging to each, of them, as ſo. many different 
worlds: in one or other of theſe ſenſes ſome of the ancient philoſophers, as 
wellas the moderns, have held a plurality of worlds: but this ſpeculation will 
pe better reſumed hereafter, when we have ;confidered the planets of the ſo- 
las ron none diſtinctiy, and ſoc boy well ey appeared W 
hitation of SE: 
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'known: it is probable the number 
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CHAP.3  - ASTRONOMY 
Remarkrupon the tener of the planets in the foregoing cha 


626 The abovementioned. names. of the planets are the roman names of 
heathen, gods; as idolatry was, propagated at firſt from the caſt, we muſt 
ſearch for the origin of both os eck and the roman names of their deities 
among the eaſtern, langua 2 men have done with good ſucceſs a. 
I make no queſtion, but 9 — cy planets had originally other names given them, 
which were expreſſive of the nature of theit e or appearances, 'or of 
the influences they were thought. to have: ſome ancient greek names, which 
we meet with in ſeveral a aj pon be NN 7 65 on 
turn, whoſe common name ap cronot, time, 2 given 
account. of the. Hohe "his, motion e, Tan ran Pires photon, 1. 
appearing or ſhining: he is thought to have received this appellation: be 
cauſe of all the ; he is the ſeldomeſt hid by the rays of the fun, or elſe, 

light being dicmeſt of chem all, he wa called ſo out of a fu rſti- 
ben Ki the ancients had of giving good f bad «liihgs Dae 
fake of good luck: his ancient hebrew name is thought tg 7e He 
was counted unfortunate, and of a malign inflvepcs, for no better 'reaſon, 
I believe, than for his being thought Cold and dry by reaſon of his great di- 
an e and the vapours of the earth, and his ap- 

a pale leaden 
Ne e cot PERRY 5 100 pen 
®ze0wr. phaethon is an pts : of 2 44 | 


from his i wat Homer applies 


191 


a RON tee eee . 
male n 1 of mary and the coldneſs 1 9 9 
Mars was by the ancient greeks calle ' Xvgplug Yr dic, erfian and 
arabic names , zur and ger, fghify fire", all rom his red Hi y appearance 
which I believe is the beſt reaſon the altrologets have for 1 magin 
planet unfortunate, and ie to be a promoter of war and loodf] 


e Vollus, Sade, Hyte, > SLA 5d} es 9s as bs. tt 
r rs a way Ae. n id "eft 8 


N ee eee, N 


fecar, frigidas, * are! — n ä | 
L 4 <4. ubi ler neee. g e . 1 73% r 


fag. 1. c. 1. i Hyde d rung. T N 6; e metathefin, vel ob N 
ariz, fortis, v. gelden. de Diis Syr- Syntag. 1. c. 64 k Aftrologis flella jouis aut weneris c jana 
n contraria. Cicero divinat: 4/1. ee. fſalu- 
3 + 
Venus 


farts * Fr Joon, rutilus borribilifgue mam. A f Scipton. e pat 
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ag was called dcop 'coſpbores; the morning ſtar, and pw poeo⸗ phoſ. 
7 fn, en of light, when ſhe appears in the morning, riſing be- 
for 15 8 0 un; 2 te TWO "heſperos, or the evening ſtar, when ſhe ſers after 
him; under ch. the Land lat of theſe names ſhe is mentioned by Homer, who 
juſtly ſtiles . as. ; Milton docs alſo, Faireſt of ſtars* — [It may be obſerved 
upon N chat both g greek and roman writers frequently comprehend 
under the name o ſtars all — heavenly bodies in general, which appear as 
ſuch, to common o lefyers: ; .we-do the fame in engliſh, complying herein 
hb gp 5 Who are r unacquainted with the difference between the ſtars 
planets, /enus 151 OU Sht, „upon | the account of her beautiful Tight, to have 
n the fi 'of the | to which  feligious” Worſhip was paid; the was 
ado in; the. caſt; under \ Me names b. The aſtrologers count her fortu- 
Paths ancients thought her to be. moderately hot, by reaſon of her nearneſ; 
to the, ſun,; and mogul | becuaſe they were ſuch p — * as to fancy ſhe 
was near engugh to the car car th to be Within 78 of Vapours fi rot 
from, thence; upon Rk) 1 two qualities, , they imagined this to 


A probbic planet. - 
Mercury is generally 10, near the ſun at be Ir ſeldom foen! this eesßbe 

ed him to be unknqym to the the Stecke, 40 . unnamed by them, 

785 ſome time; they alle ed him Meer fi1bon, from bis bright ſhining, his light 


_ BS mt © HY Og OS Es Te at RS PLE 


being exceedingly vivid and Tparkling beyond the reſt of the planets: the 
altrdlogers think. Wien 175 be 1 0 7 8 indifferent abit, "of good or bad influ- 
the ſtars and p laners wi d which" he is in 


ence 0 kr 
ee 10 te quia 


conjunRtion. od 2220 

"The far ns called 1 25 . Phenicians beet ſamens, ke lord of heaven, 
2 the moſt. glorious 7 the heavenly bodies; his common greek name 
N thes. is, derived 1 A el, one 3 names of God: his moſt an- 


Aae Win Ne 


W .. 


Dis Syrie! K 3. e v. Selden. & D Syr. Syntag. 2. c. 1. Sol dur, print! 
r reliquoram lam, m. nn d Dit gptii folem mgn, ab igen 
3 3 Piadram. Copt. 5. 146. e Ora ab Vt ler. den Sol, Vol de Ldol. I 2. c. 7 


, af Heſych. 2f De-Jdelolarr. Lene. 8 Derel. v. Perſe e. 4: 
217 . | - conſummate 


£4eNt Hebie name is meſh, 4 a miniſter 8 from his being conſtant- pt 
1 emplayed in the ſervice of the world, fay the lexicogra 8 bur I rather fi 
think from. his being the miniſter" or ſervant of the creator, by whom he was la 
made and appointed to rule the day, to divide the liche from the darkneſ, of 
and to diftribute heat and light over the earth: he had other names from of 
his hear, as 797 thamma, pire 4, or from his. light, as orus, phabus, phaner,; ly 
che name mitbra, by which he was known among the Perſians, is by Vgſiui thi 
Herivea' from mither, which in their language f great, but Hydes, whoſe 
r 318. be ee ee e, b Volius ele. Selden. 4 ſon 

a 

|: 

Rad 

my 
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ummate ſkill in the perſian learning makes his opinion, of great weight, 
2 it from mibr, love or mercy, becauſe, ſays he, the hole world is 
cheriſhed by the ſun, and feels the effects, as it were, of his love: that learn- 
ed writer, from their own books, has ſhewn at large that the Perſians did 
not worſhip the ſun, as they are by a great number of authors ſaid to have 
done, but only conſidered him as a glorious and beautiful light, and the fit- 
reſt ſymbol of the divinity which is to be met with among the viſible parts 
of the creation; and therefore they paid him, not divine adoration, but only 
a civil reſpec, as they did alſo to the fire and other elements: and that their 
turning themſelves towards the riſing ſun, or their ſacred fire, in their de- 
votions was the occafion of their being thought to worſhip them. And yet Lam 
apt to believe that, whatever the wiſer ſort among them might practice them- 
ſelves or teach others, many of the common people even among the Perſians 
worſhipped both the ſun and the fire: the experience of all times and places 
ſhews how apt men are, eſpecially the vulgar, to paſs from the uſe of ſymbo- 
lical repreſentations of the divinity to the worſhip of the ſymbols themſelves. 
But whatever the Perſians did, it is certain that other nations worſhipped the 
ſun by the name of Mithra: the Greeks are ſaid to have had a temple at A= 
lexandria where they offered human ſacrifices to him, and there are ſeveral 
roman inſcriptions remaining wherein Mithra is ſtiled the invincible, al- 
mighty and moſt holy god. v. Hyde de relig. vet. Perſar. p. 112.4 | 

The names of the moon og ſelene in greek, and luna in latin, are both 
derived from words which ſignify light; one of her names in hebrew u W 
lebanab is from her whiteneſs, another ny yoreakb is, as ſome tell us, from, 

a word which fignifies to refreſh ; becauſe ſhe was thought ne the 
earth with her influences. 

The greek names of the planets abovementioned are egyptian names ex- 
preſſed in greek words of like import; it is common when names have a known 
3 — in their original language, for an author who writes in another 

guage to expreſs the meaning of them in words of a like ſignification, though 
n there are many examples of this in the tranſlation 
of the old teſtament by the ſeventy. The words © 101, Sa Nc. are manifeſt- 
ly greek, and yet theſe are expreſſly ſaid to be egyptian names by the au- 
thors quoted in the marginb. 

627 We have in Hyde the chineſe names from a learned native of China: 
ome of them are taken from fuch things #8 they believe to be nde Dun 


a vide etiam inſeriptiones a Grutero , Neineſio ian. 

þ Achilles Tatius p. 136. ed, Petav. Manetho apud anthorem — 5. 108. 4 
i, Tov v A uννο Wage hen Tov anmsm' ror Is Ales re, Sate n. fe To 

Af tw Bie tw ge- — e de relig. wet. Perfar. p. 82, Lbs 


| 
. 
BY 


that planet is thought to preſide over chat element we are not told, it may 
ing ſtar: one name for venus is kin gold, another tai pe very white: they 
earth, perhaps from the dullneſs of his aſpect. 


a particular conſtellation or portion of the heaven aſſigned to it, wherein 


metal, ſtone, tree, plant, fruit, flower, animal, number, day, hour, &c. af- 


planet. Hyde de relig. ver. Perſar. p. 63 & 129. 
of heaven was the moſt ancient kind of idolatry a, the cuſtom of deifying 


were taken from perſons deified; though after the planets had received thoſe 
perſonal names from deified heroes, the reverſe of this became cuſtomar, 


Ham, Whole name I has the ſame ſignißcation with Ze; the greek name of Jupiter. Cumberland" ger 


194 | ASTRONOMY BOOK 2, 
ticular dominion of each planet; thus, they call mercury ſbiu water: why 


be perhaps from his being viſible only when near the horizon,in the morning 
or evening, when the air is commonly moiſt: he is alſo called tebin the morn. 


call mars ho fire, and yungh flame: jupiter is called mo wood, and gui a year; 
for what reaſon it is not very eaſy to gueſs: ſaturns name is tu or tien i. e 


628 The dominion of the heavenly bodies was fancied by ſuperſtitious au- 
riquity to be ſo extenſive, that the ſun, moon and planets had each of them 


when they were poſited they were ſuppoſed to be moſt powerful in their in- 
fluence; and were therefore ſaid to be in their exaltation: as when in the 
oppoſite point of heaven they were ſaid to be in their fall or detriment, and 
thought to be weak. Befides this, every one of them had its peculiar colour 


to it; from whence are derived the ſuppoſed virtues of amulets and 
taliſmans: for the dealers in theſe fooleries pretend that there is a ſympathy 
between the heavenly bodies and thoſe things which are under their domi- 
nions, ſo that, for inſtance, that plant, metal, colour &c. over which am 
planet preſides has reciprocally a power of ee the influences of that 


629 J have before obſerved, 5 597, that ins the worſhip of the hoſt 


dead men was later, though that alſo is very ancient b: when this praftice 
began, it was uſual to make the people believe the departed hero was gone 
to take up his reſidence in the heaven, or in one of the heavenly bodies, 
which upon this occafion was conſecrated to hime: from hence came the per. 
fonal names of the planets, as we may call thoſe in common uſe, becauſe they 


and princes and great men frequently took their names from the planets“ 
The -moſt ancient author® now remaining who mentions any names of the 


a ©. & Maimonid. 4 7dlolatria, cap. 1. b Some think Miſraim was the firſt who deifed his be 


choniatho' p. 57, 156, 199. e We may ſee ſomething like this practiſed in later times, in the deifying 
Tulius Ce/ar and Antineus, v. Sueton. in Julio. c. 88. & Xiphilin. in Adriano. d v. chronicen Alexandri. 
P. 84. 86. 89. P: & Hyde de relig. vet. 57 p. 65. e Timzus Locrus de ani ma mundi, inter opera Pl 
tonis, p. 99. ed. te er es Plato in Timzo, 5. 38. autor de mund, apud quem bac occurrunt probe in 
itium, „ rev per, „ 191 een xa Aoupo tre; uA, Age BN o gang, d A. ad ai Hes 
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planets, calls-rh — ſun the ſtar ſacred co called it 


the ſtar of Apollo. Mars was by the Egyptians Called che ar. of Hercules, 


by the Babylonians Thurras f, Homer uſes a word very. Like chis laſt for an 
epithet of Mars as a deity s, his name- in the ancient Etruſdan lagguage was 
Turan®, but it is not certain the planet was called by that name. Venus, which 
was by ſome named the ſtar of Juno, among the Egyptians was called the 
ſtar of Iſis, as jupiter was the ſtar of Oſiris. The ſun as one of the heathen 


deities had the name of Apollo, Phœbus &c. the moon as a goddeſs had den 


variety of names, 1/is, Diana, Hecate, &c. See p. 179, note c. 


63o This diverſity of names ariſes from different perſons having 9 the : . | 
fame ſtar conſecrated to them: it was beforè obſerved, that the Greeks a ap- £5 
plied thoſe ſtories to their own heroes which the Egyptians did 19,theirs;, it : 


may be obſerved further, that a great deal of the confuſion which we ſind in 
the hiſtories of the heathen gods is owing to this, brd ancients, at diffe- 
rent times, deified various perſons under the fame name: thus, there were ſe- 
veral Mercuries, ſeveral Marses, ſeveral Venuses, ſeveral Apalloes &ci, and ſuch 
a number of Jupiters, that Varro is ſaid to have reckoned up! o leſs than three 
hundred k. Again, when any of the eaſtern or northern nations are ſaid by the 
ancients to have worſhipped any of the grecian or roman deities, as Hermes, 
Jupiter, Apollo, Saturnusz we muſt not imagine they worthipped them un- 
der the greck or roman names, but the writer in that caſe calls the idol by 
the name of ſome deity of his own country, which came the neareſt to it in 
dhe fabulous account of its actions, power and influence, and in the kinds 
of worſhip which uſed to be paid to it: thus, whereas th northern nations 
anciently adored: the god whom they imagined to ye rm and to he 


the diſpoſer of victory, a roman writer would tell us they worſhipped Mars; | 


in like manner, if a grecian hiſtorian were to ſpeak of the Egyptians pa 


divine honours to Thoth, as the inventor of letters, N and neal W 4 


ther arts, he would ſay they worſhipped Hermes. 6 A 

I ſhall conclude theſe-remarks abour the names of the planets, with ch 
ſerving that the conſecrating Cronus into the planet ſaturn appears, to haue 
been mentioned in very ancient hiſtory!, ſee Cumberland Sanchoniatho gg 3. 


chat learned prelate, p. 1 13, takes Cronus to be Ham, and derives chis nam 


Purge, or Ab , 66 I Hgns extymyogwounn. f.Chronicon Alexandrin. p. $8. 0, Mam Sal- 
maſ. Plinian. exercit. p. 1235. g Oeger Agua iliad. E. & paſſim. h v. Gori Maſaus Ker: Scum 
wol. 2. p. 113. taran. Cambro-Britannis tonare fignificat. Voll. Idel. J. 2. c. 33, Pre "Foven ao 


ttiam Ben & in his Martem tonare, & ſbi propria habere fulmina, credebant- Kent. Plinius N. H. 


J. 2. c. 20 C52. P AOL 77975 i Cicero de nat. 

Der. J. 3. k Fovis nomine fabuloſa antiquitas dignata. e, Feen gui ſui ordinis cateros 

potentia antiſt arent: — _ nullo prope ſecula. defuiſſe ſun Com Jo on uſque ad tempora belli Trgjani. 

Voſf. de aol. I. 1. c. 14. n Prag. Evang. p. 40 & 156. ed. Vigeri. | je 
2 * 
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of him from cx a word which imports ſuch an illuſtrious perſon as a king, 
Rephas i is the name of ſaturn in the coptic language, Kircher. Prodr. Copt. 
p. 147, the ſeventy render Chiun in Amos 5. 25, by Rephas; ſome copies ſeem to 
have had Remphan, Ats7. 43;theBp.p. 22 1, derives it from ND a word which 
imports that healthful conſtitution that produces long life, growth to great 

ture, 0 ſtrength: this is more probable than what ſome learned men 
think, that the ſeventy read M inſtead of 11D, the bottom of the letter 3 be- 
ing effaced in their copy. Ham was eſpecially deified and adored of all the 


85 giants before and after the flood, the mightieſt men of his race gloried in their 


likeneſs to him, and therefore affected to be called Rephaim. The Bp. þ. 


1909, thinks Sem the beſt ſon of Noah to be the ſame as Melchizedec, that he 


was called the juſt ( Melchizedec ſignifies a righteous king) and that ſome of 
his idolatrous poſterity conſecrated him into the planet jupiter, which waz 
called PTY zedec by the eaſtern people in ancient times, as is ſhewn by Bo- 
chart in his Canaan l. 2. c. 2. if the reader deſires to ſee more about the names 


| e er ru . conſult che authors referred to in themargin*. 


den upon the lane ofthe fun moon and planer. 


iid The aſd of enden in aſtronomy is W of great antiquity, ef- 
pecially among the Prognoſticators, who, beſides the conveniency of its be- 
ing compendious, would like ic for giving a myſterious air to their writings: 


e O is thought to be the picture of a buckler, where- 


of the middle point repreſents the umbo or boſs, the bucklers of the ancients 


uſed to be bright, in order to dazzle the eyes of their enemies b; Hyde tells 


6 
CLIC 


8 


us the Perſians call the ſun by a word which fignifies a buckler<: the cha- 
racter in manuſcripts is often a buckler ſeen in a fide view, often a cone; ſee 
fig. 6, 7, 8, n. 4: a cone was ſacred to the ſun, Por phyrius ap. Euſeb. præpa- 
rat. evangel. p. 98, a circle is mentioned as an egyptian character of the ſun, 
by Clemens of Alexandria d, as is alſo the creſcent or common character of the 


moon 2, which is the picture of the moon when ſhe is about 4 days old. 


632 As to the characters of the planets, the common opinion® is that they 
were taken from che ſymbols of thoſe deities whoſe names they bear, in this 


| ta" eee. e. Kircher. Prodrom. Cojt. þ. 147. id. Oedip. Epp. tom. 2. part. 2. f. 
168, 179. Seiden. d Diis Syris. Voſſius de [dololatr. Hyde de relig. vet. Per ſar. b Hinc a 
pn ab Homero paſſim wocatur, Buc ſpectant illa militis gloria g. Plautum a#. 1. F. 1. 

Cutate ut ſplendor meo fit Clypeo clatior | 
Quam folis radii eſſe olim, quom fudum'ſt, ſolent: 

Dt, ubi uſus veniat, contra conſerta manu 

FTrxxſtringat oculorum aciem in acie hoſtibus. 5 
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view, the character of mercury 2 is his caduceus ot᷑ rod Warpe tei Fred 

ed about it, of venus 2 a looking - glaſs with a handle, for ſuch we are told 2 

the looking-glaſſes of the ancients were, the character of mars & ig a dart 3 

and buckler, of ſaturn h a ſickle, that of jupiter u is generally agreri to bea 4 

Z the firſt letter of his name in greek, wich a «ſtroke through it ada dark; 5 

of abbreviation. Salmajius* will have all che characters to be the initial let - | 

ters of the greek names of the planers, I cannot acquieſce im ſame of them. : 

eſpecially in his deriving the character of mars from O the firſt letter of f 
becauſe that never was his common name among che gere aſtro- 

nomers. Kircbers compounds the characters of the planets out af O and D, a 

croſs+the mark uſed for the four elements, and , the character uf arita which: 

he ſays denotes fruitfulneſs; the manner oſ combining theſe marks into the. | 

characters of the planets may be ſeen figure 10: his ſcheme does not appear to 10 

me ſatisfactory enough to make it worth while to enter into a detail of it. 

One objection againſt it is that the characters in ſome manuſcripts are very 

different from thoſe in common uſe, though in other manuſcripes they have 

a good deal of likeneſs, as may appear by:the:1} which I have given 

of chem partly out of a greek. manuſcript in the library of Trinity College 6 

in Cambridge of an piece tranſlated out of latin into greek, part- 7 

ly out of Sa/mafius® and Du Frefue\. I ſhall conclude theſe remarks;;when 1 4 

have firſt taken notice that the characters of mercury and venus are to be met 

with upon ſome of the Egyptian obeliſks*, and that mars s character is often . 

4 drawn with a fcourge; as ſig : G. n. 3, a fit emblem of the nuſchieyvqus influ- 6 | 

1 ence he was ſuppoſed to have, though ſome make the 12 the ſymbol of 1 

[ the dii Nee E reg, e q wach your oil Nh 
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W * 2 1 100) fo, 15 11 
633 When I fad, $638, Wat the „ hr 

I did not intend to aſſert that jt takes 1 up a larger 7 50 a oe 

ny of the faxt ſtars, though Kepler e his reaſon. is thag Wa if all + 3 
the fixt ſtars were equal in magnitude and placed at equal diſtances-from one 1 1 2 
another, we ſhould ſee juft 12 of the firſt 1 which Ne 1 
to us in a regular form and at equal diſtances from one another, ag the an- 
gle of an jeatabeatga, would go, 2h gps Neid e he Gait of ix; the bert 
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FG; onder af lars would be about ga, which would alſo appear regularly dif. 

: perſed; at a diſtanceidouble. to the former: the diſtance of the third order of 

ſtars would be treble that of the firſt, and their apparent magnitudes would 

By * zabli/:dimpiſhed; and theſe alſo would be uniformly diſperſed, 
9 > al ſo of cheiteſ: in ſhort all ſtars of the ſame magnitude would appear u- 

nifur iy diſperſed upon the ſur face of the heaven; whereas this is ſo far from 

being the caſe that in ſome parts of the heaven we ſee 3 or 4 large ſtars 

near to ons another, but in other parts of equal dimenſions, we find none 

but little nes If we may offer our conjectures about things ſo far out of our 

reach, ir is ꝓrobable the ſeveral ſtarry ſyſtems, as well as the ſtars in the cen- 

_ rs of them, are very different from one another in dimenſions, though they 

mmay beifimilar in their diſpoſition, and in the uſes they are deſigned for: we 

BY may abſerve a diverſuy as well as an uniformity in thoſe parts of the creati- 

5 on which lye more open to our view: ſuch a mixture of uniformity and di- 

eee to the creation, diſplays to us the wiſdom and power 

„ and is a proof that this univerſal frame was neither the pro- 

1 8 999 nor the work of different deities ta- 

| b © king cheir ſeveral parts: chere is uniformity enough to ſhew that all was 

brought into being and contrived by one mind, and there is variety enough 
e eee e ve eee e þ ric aig Meere e 0 
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Alten a paddles THE ORBITS' OF: THE PLANETS r COMETS; | 
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"dls The — a planet or comet Alete neusdiche fun is called i its 
orbit: the orbits of the planets may at preſent be conſidered as concentric 
circles, having the ſun in their common center: in this view they are well 

II enough repreſented in their ſeveral proportions by the 11% figure, where the 
8 l the leaſt circle round him is the orbit of mercury, the 
: in bigneſs. that of venus, the next to that the orbit of the earth, the 
: 480 of mars, jupiter and faturn follow in order, and are eaſily diſtinguiſh- 
5 ed, ds well by rheir ſeveral dimenſions as by being marked with the charac- 
5 „ gh odd 
635 The 'orbits of comets are oblong ellipſes, in Which they g o round the 
| AE ole GA Arie he ly the hires pieces of el 
II lipſes in the 11 figure repreſent a part of each of the orbits of thoſe three co- 
mets whoſe periods and diſtances from the fun are known, the remaining 
parts of the ellipſes are to be conceived extended a good way beyond the l- 
mins of the paper, — M0 1 
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through the planetary ſyſtem: and as in ſome parts of their orbirs they come Fro. 
very near the ſun, much nearer than mercury, ſo in other pus wy 0 
great diſtance from him, far exceeding that of ſaturn· 

636 The motion of all the planets in their orbits is the ſame way : namely | 
according to the order of the letters which are ſer down upon vals orbit of 
jupiter, in the eleventh figure: thus Jupiter's motion in his orbit is from 11 
4 to b, from b to c, from c to d, and fo on; che like may be ſaid of the reſt 
of the planets, they all go round the ſun the ſame way in their orbits: the 
outermoſt circle of the figure repreſents the ſphere of the fixt ſtars, but it was 
not poſſible to have this in any proportion to the reſt, ſince in order to do that 
it ought to be drawn ſo large that the orbit of ſaturn ſhould be but as a point 
in compariſon of it; for the diſtance of the fixt ſtars is ſo immenſely. wear, © 
chat if the orbit of ſaturn were removed from us to the diſtance of themcar- 
eſt ſtar, it would become inſenſible, that is its diameter, though prodigiouſly 
large in itſelf, would ſubtend an arc in a great circle of the ſphete of the 
heaven too ſmall to be liable to aſtronomical - obſervation, and therefore we 
may eaſily conceive that if the ſun were removed to the diſtance of any of the 
| ſtars, no part of the ſolar en would-be bee e except ek, 
the ſun, which would then appear no bigger than a ſtar-. | 

647 The ation of ' fore uf üs de is e ee uy he uf che | 
planets; the motion of others is the contrary way: the'wtiting upon the | 
three orbits of comets in the figure ſhews which way e . 
round the ſun, and tells the periodical time of it. 

638 The orbits of the planets are net all inthe ame plane, bey are re- 
preſented in the eleventh figure, which is e deficient as 40 that par- 
ticular, but every one of them is in a different plane, the difference | 
of the inclinations of their ſeveral orbits is but ſmall: the way of expreſ- 
fing the ſituation of the orbits of the planets in this reſpect, is to conſider \. 
the plane of the earrh's'orbit us a ſtandard; and compute the inclination of . 
the ſeveral planerary orbits from thence. The angles of the inchinations of the 
planes of the ſeveral orbits of the planets to the plane of the earch'sorbi are, 
in round numbers, as fellows: che plane of mercury's orbit makes an _ 3 
with the orbit of the earth of 7 the yr of the orbit of venus an angle of 37 | 
3% the plane of mars's orbit angle of 2”, of jupiter's an angle of 1 , 
the plane of farurn's an angle of '2* f: What is meant by the inclination = 
planes to one another is thewn' in the iatradustion, from 8 158 to 5 165, = 
ticularly in & 164, where the figure referred to ſhews two ultequal circles/ 
having the ſame center put different planes: let chat figure be firſt © 
ed, and then the 12 figure of this preſent book will be _cafily — — 4 12 
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Fi6. ed, wherein the orbit of the earth ARCD and the orbit of venus xr GH are 
repreſented: in ſuch a perſpective view as makes them appear ellipſes, by 
9257, but ſo as to ſhew the different inclination of their planes. The 13 
13 figure is another view of them, where the eye being ſuppoſed in the line of 
their oommon ſection continued, is conſequently in the planes of both the 
orbits continued, upon which account they appear as ſtrait lines, by 5 258: 
here the line A c repreſents the orbit of the earth, Eo the orbit of venus, and 
the angle of inclination is A s E. The two following figures are in like man- 
14 ner perſpective views of the orbits of the earth and of mars; in fig. 14 aBcp 
is the orbit of the earth, and x H the orbit of mars, in ach a perſpeRive 
15 view as makes them appear ellipſes, & 257: in fig. 15, Ac is the orbit of the 
earth, and æ O the orbit of Mars, viewed with the eye in the common ſec- 
tion of their planes continued; by which means they appear ſtrait lines 9 2 58, 
and ſhew more petfectly the angle of their inclination, which is As E. 
639 We may imagine the planes of the orbits of the ſeveral planets to be 
extended to the ſphere of the fixt ſtars, and to mark thereon. fo many great 
circles: theſe may be called the heliocentric circles f the planets. The man- 
ner in which we imagine theſe circles to be generated demonſtrates that the 
plpane of the heliocentric circle of each planet coincides with the plane of the 
planet s drbit; and therefore; if one of theſe planes be found, the other is 
| known alſo: thus, if I find the earth's heliocentric circle in the ſphere of rhe 
heaven, the ſituation of the plane of the earth's orbit is thereby diſcovered. 
640 The heliocentric circle ff any planet is the circle which the planet would 
appear 40. deſcribe in the ſphere of the heaven, to a ſpectator placed in the 
fun : it has already been obſerved, that all very diſtant objects always ap- 
Pear to vs in, ſome part of the ſphere of che heaven, $ 248; if therefore a 
ſpectator placed in the ſun were to look at any planet, it would always ap- 
pert. 60 hjem mit it wyre fituared among the fixt Gary and if he continued to 
view it during one of its entire periods, though it were all the while in rea- 
f FFP it 
would ſeem to him to be continually changing its place in the concave ſur- 
face of the ſphere of the heaven, ſo as to deſcribe, by its apparent motion, a 
great circle thereon; this great circle would be the heliocentric circle of 25 
becauſe it is deſcribed by a line drawn from the eye in the place of 
the ſun's center tothe ſphere of the fixt ſtars, always paſſing through the pla- 
net, and conſequently always in the plane of its orbit. This may be Silat 
e 16 Ae be ane the orbit of a planet, A Bñ CRE the he⸗ 
liocentric circle 


the ſame, to a ſpectator placed at s the center of the fun, 


3 in che dime chat it js. going round in the circle abc de, would 
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" CHAP. 5. &S$/TRONOMY, 1 
appear to go round inte circle 4 Bcps ry: for when the planet is at a, it Fic] 


would appear to him tobe at A, where a line drawn from his eye at s through 16 


a the place of the planet terminates: when the planet is at 5, it would ap- 
pear at B;: when at c, at c: &c. We may ſay then in general, that to a ſpec - 
tator in the ſun the; ſeveral planets would appear to deſcribe different helio- 
centric circles, in different periods of time. If the orbits of the planets were 
all in the ſame plane, their heliooentric circles would all coincide; that is, one 
circle would expreſs. them all; but as the planes of their orbits are all diffe- 
rent, their heliocentric circles mult be different alſo: and fince their periods 
in which they appear to go round their heliocentric circles are the fame as 
their reſpective periods in their real orbits, brenne ee egos 
between the former of theſe as there is between the latter. | 

» 641--The orbits f the comets are in planes different” A Tec, 
earn their -heliocentric circles are different alſo: I ſhall not at 
r their ſeveral. inclinations, but leave it to ano- 
cher place. To a ſpectator placed at the fun every comet, if it could be ſeen 
during an entire revolution, would appear to-deſcribe a. great circle bi e 
ſphere of the heaven: for, though its orbit be in reality 2 Iong ellipſe the 
Plane of it extended to the heaven would mark a great circle thereon/where- 
of the eye at the ſun would be the center; only, as the comet moves round 
the ſun in an ellipſis, its apparent magnitude would inereaſe as it came near- 
er to the ſun, and diminiſtr as it went farther off: thus, fig. 17, to & ſpectator 15 
at the fun 8, a comet moving tound in its orbit abcd would Warn 
in a great circle ABCD: its apparent magnitude would increaſe us went 
from c to A, 7% IR UFO 1 
c, where it would be jeaſt. beat l 41003 wi bas Ait s 
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642 To an hehe any planet che. 1 appears to 90 round in the 
heliocentric circle of chat planet, in the periodical time thereof, and the ſume 
way the planet does thus, fig, 16, let s be the ſun, abe defgbhik ln cht orbit 16 
of the earth, wherein ſhe; goes round che fun in 12 months, A bñC DEU ne 
KL, the heliocentric pros aro carth; I ſay to an inhabiranrofirhe earth 
the ſun will appear to go round in the circle an cvDers n1ki wy intwelve 
months, according to the order of the letters, from 4 to 8, from 2 tote. 
by che carth's going round the ſun 2 3 nenn 4 


- > 2 
"4 
o " 
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F16. thus, hen the earth is at a, if we draw a line from a through the ſun ats, 
16 the point o in che ſphere ofthe heaven where the line terminates is the place 


where the ſun then appears to an inhabitant of the earth: in a months time 
the earth will be got from à to 6, draw a line then from & through the ſun, 
and where. it terminates, at n, is the apparent place of the ſun at that time: 
in like manner, if we draw lines from the earth in the 12 ſeveral ſituations 
in which ſhe is here repreſented for the 12 ſeveral months, we ſhall find 
that when the earth is at c, the ſun will appear at 1: when the earth is at 4 
the ſun's apparent place will be at K &c: in like manner if there be any in- 
habitants in venus, the ſun appears to them to go round in the heliocentric 
eee eee the ſame is to be underſtood of the reſt of 
643 The beliocentric circle of the darth is called the eclipec heckale 6. 
cliples of the luminaries cannot happen bur when the moon is in or near tha 
circle, as will appear hereafter, when eclipſes come to be treated of: it is 
_ called by ſome greek writers xuxAos naunxes the circle of the ſun, becauſe it is 
deſcribed hy his apparent annual motion: it is called xvxAos Q the oblique 
circle; becauſe it is cut by the celeſtial equator at oblique angles: in Prole- 
| my it has the name of o Na juror Tar ge xaos the circle which paſſes through 
: e, e becauſe the twelve conſtellations through which 
. the ecliptic ts drawn were ancicntly all of them animals or of animals; 
e eee eee which takes up the place chat for- 
to the claws of the ſcorpion. For this reaſon, a belt or hoop 
e ſphere of the heaven ofthe breadth of about urn dagrees'60 cact 
Hide of the ecliptic, twenty degrees in all, is called be Zodiac ;' from (obs 
zodion an animal: and the conſtellations through which the ecliptic is drawn 
Mellations of the zodiac. 

1 644 1 ecliptic which is repreſented by the circle ane &c. fig 16, is of 
great to us: the year is meaſured by the time wherein the ſun 
goes quite wund the ecliptic, or rather appears fo to do, by our earth going 
round him, whilſt he all the while his ſituation: the diſtance of the 
- earth from the ſun is ſo exceedingly great, that if the earth were viewed from 
the ſum it would appear no bigger than a point, its diameter would be inſenſi- 
; ble; from chis point it is that we muſt always view the fun, and therefor: 
| all theinhabitants of the earch who ſee the ſun at the ſame time, having thei 
. eyes as to ſenſe in the ſame point, muſt ſee him in the ſame place among the 
U——I—qU“I! . anchored erg if 
they obſerve him for the ſpace of a year, will ſee him go round in the cclip 
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tic in that time, from A to 3, from » to c, &c. te period 
—_  __ een = the-year of that f — — 
645 It appears by $648,643, that #/ Der Jof the ſun t the ſphere 
tir ee e, hole WE ei | 
ſtellations it paſſes through, and the 
eee ſee the dun l: 
iy totally cin, and bis lg 
che ſtars appear re 
neal 


3 

time of che year B¶, ch 

rd here with the letter g, 

ſte to the ſy | Fknow A which is oppof te 
ek fats that in the courſe of the ye 


rr he. oppe | 
pteiioa below'the horizon is callly found, und wwkacaver hes: e 
eee ec dee reger agate. Ping 
oriren pr eee let e be 18 
is carch, eee ae obſerver dor d ; 
the heaven, er bl der an, xs the depreſin ofthe fan, 
ſoppoſe it 305 1 — 200 
n r — 
640 The ecliptic being thee: found; — 
cert we phaſe be drown vpon the pre af the heaven, pen a 
| Teach oe ute ples of clip: 
er of the ecliptic, rele | i 
r of the haswenty bodies is its dier Four <clipric. 
gre, minures and ſeconds, meaſured pon a circle of lrirude dr Nakröug 
that ſtar, ren began hrs a uur bel nsr ne-ccilf de i dyn 
opon the cc non. c fig eber eee. 
Pate through, where ane alto uſually-6/ circles of larivude,; wht: uh 
mutual intetſections N gl 2 
15 equal parts, at rag hdr ore rhe gag 
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Fro. the picture of a celeſtial globe, where 4 O is theecliptic, u the north, s the 

ö 19 ſouth pole of the ecliptic, As, MBS, NCs, NDs, &c. are circles of latitude, 
13 or rather halves of them, which is as much as can be ſeen at one view upon 
| . the conver of the ſolid globe: rhe ſtar x is in ſo many degrees, minutes and 

ſeconds of north latitude as the arc x A amounts to, the ſtar 1 is in ſouth la- 

- 7 tirude, the quantity whereof is meaſured by the arc 1s. The! different no- 
tions of latitude when applied to ftars in the heaven or places upon the earth 
muſt be carefully diſtinguiſhed: in the heaven, or upon the celeſtial globe, la- 
titude is diſtance from the ecliptic; upon the earth, or upon the terreſtrial 

globe, it is diſtance from the equator : ſometimes indeed we eonſider the 

. +, diſtance of the heavenly bodies from eee eee 

7 dre wh as has been already ſaid $ 339-1 1 + 2 :: 
634% The latitude of a planet is either helivaragrie un grocentries, the be 
„ ae e e in u. 
mat time, to a ſpectator placed in the ſun: the heliocentric circles of the 
planets being all different great circles,” any two of them muſt divide each 
other in halves, 5 177; and conſequensly interſe& one another in two. oppo- il _ 
E fire points: if therefore we confider the heliocentric. circle of any planet to- 
N gether with the ecliptic, we ſhall find one half of it is on the north fide, the ; 
. other on che ſouth ſide of the ecliptic: ſo that any planet ſeen. from the ſun 
3 Would appear in north latitude, for one half of its period ; and in ſouth l- 
_ ©: rirade,' for che other. CREE ESR treated N 
of in dhe nen 
648 The 0 Wet . 
ecliptic are called dhe nder of that planet and chat which the planet paſſes 
through as it goes into north latitude is the aſcending node, whereof this is the 
character &: the oppoſite point to this, where the planet ſeen from the fun I / 
would. to croſa the ecliptic, going into ſouth latitude, is its deſcendig | 
© _ node, enpreſt by chis mark U: 1a line drawn from one node to the other is ñ 
4 
þ 
K 
5 


2 


ite line f nodes: the common ſection of the plane of the. ecliptic and the 

. Pkne af the orbit of any planet extended to the ſphere of the heaven is the 
8 nue of nodes of that planet: the of the orbits of all the planets pals 
_=_ PPP 0  toa 
ES: 20 The 20th figure will make the foregoing particulars very eaſy to be compre- 
1 hended, it is the picture of a glaſt ſphere repreſenting the ſphere of the hea- 
E ellipſes in the middle of it are the orbits of the earth and 
of mereury, in a perſpective view, which makes them appear ellipſes, F 257; 
©. of the larger ellipſes the black one is the ecliptic, the pointed one the helio- 
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:.W method. is made uſe,of,/ the longitude of a phenomenon is 
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be eri fig; 25, Where Thavergiyen/ chiefly from Kircher®, 
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beſt to ſhew rhe likeneſs of the characters to 15 originals from whence they 
were taken ; hs Ne ts the horns of the ram; che head and horns of 
the bull: u the fi up the twins, as drawn according to ſome authors 
im hands and Net, or rather as thus deſcribed by Plutarch®; the Spartans, 
fay 0 all the 2 — ſtatues of the Dioſeurs Jexare beams, they are two 
pic 06 & of wap joy yr Ether 7 two 'crols picces— theſe words are plainly 
a deſcription of the character n, as others have alfo obſerved®. The charac- 
ter F a lirtle different from What we find 3 it in manuſcripts, tranſcribers 
8 ny t It pretty. near'to the numeral figures 6 and 9; it is not unuſual 
for people to alter characters as well as wor, which they do not underſtand 
| 19 — chat is fardiliar to them; K3rcher thought the Egyptians in- 
tended by File lark to repreſent the head of the WWis and the tall of che crab; 
T have given bis pictures of them, though I am not of His opinion: 1 rather 
3 it was the intention of the inventor of this character to repreſent the 
1 of K by two lines drawn fo 
Ant onträr | is the tail of the e 


© Nederons by the J- 
f dcs in ſome meaſure the 

on; a ave ofen it here, kejecting 
mb hed 910 5. "As * e WEAK owes its original 
70a Pal itniration' of the ocher: S ir x natural reps e wavy 
furſace of water: 5 is che picture of twotihes't ether back to back: 


_ In"manu En Dna IE: 5 fiſhes heads. I ſhall 


oo has publ 2209-31097 


_ FF; hg! Co SNL ia Aan 
2B —— 1236. b 2. Nr 2 6. 3. „ 
| | tals e Kofeith. in 1]. 4 v. 6:9: 744 wy 


4 Xy lader 25 hcum. 2 2 in Plut. 2 * 


n 


8 Tr dene e aur e andient idolaters 


e e 


* 

* 

4 5 * ra 

. 
* — of * 


D 


e 


of 


8 : —— ** 
8 n 
" 


* 


- 
- 
* » 
#4 G * 
7 2 — 5 1 
: 
\& ; 
} 
— "* 
2 2 
* Np - 2 
PI 
na 
» 
+ 
% 
: 
- 
4 


% 


OO _- 7, 0 ẽ n 20.2 


242d 
* 


TOS) 
* Fa. 
— 


oo 
* 
. 
2 
- 
> } - 
” 
2 
- 


N , , * — mn o\ 4 * n 7 = hy 1 
* 2 . ig 3 . = "M4 - Sp at 4 * oo y - we * 3 3 
4 2 0 ? N * V's e 1 * 1 2 - 524 D996 — 9 * 2 a ; 8 . 4 » : 
rw 1 "+ 4 . ue a E n „ f Wa, . 2 * 7 — 2 * Pi ks 4 n * * * 1 my La 
\ Sw wo, 4 7 * * . .— * *. 7 * - © 4 1 2 4 
ö Ky hs 2 e „ ? Bs 2 
* 5 5 - <3 > & 5 
4 : * Ys | 
— 0 
= N no - 
* 
4 >. | | 
Ip , . 
* ” f 
* * = 
a * « * - | — a) L 
= Y 9 * ng 
5 os . W 83 — 4 
q 1 » *Y 
1 i 1 
. "IE N . * 4 * 
” 4 — * bn ” i * > 
— — g * o * * : : : 
1 — - * = 2 ö ” d — : & 
ks . 8 5 ** _ * 
0 * ' e — £7 - — — * U 
7 N * * nbd — 1 N * {es me * Fa " « * . * 2 
* * — 
2 744 4-3 a4 + — Oat n * | * — hs * — —, k Nn F 
4 * * % — : * * * 7 4 < * ” 
"ons. ? 2 W — e 7 97 * rem 1 "9, 4 * * * . 3 ee | of 
; a _— KS 1 — er 1 LF Pages. 2 * : 1 _ 6 —_ ! N 
. b - * * 
Ms * 9 ” 1 
- 
- 4 A - - 505 
- " 4 7 
4 as l LY = * 
N SY . k : 5 5 
* & \ s y ts KH t * 
” : ” "> 
* 
8 | y 
1 5 . 
. 
@..+ > 0 
E 
1 o g WES - 
* : 
. 6 = 
« ” 
\ 7 l 
- = 
hs} Y 
. = 
” 
. 4 . 
* 5 * 
. 4 
4 Aa 
: : , 
* : . 
. * a 
* "A MN 1 © - bs th. * ** *, 
— — 1 _— — — 
- 
„ ” N 
- 
_ 
. \ 
9 * 
= 
* 
* 
* 
S © 
* 
. 
„ 
_ = 
* \ p 
1 
. 
. 


8 


r N 
* N 
e 

. v.. 5 


FI Os - * 


* pe 


. * 


— 


Cr * 7 


has 
* * 2 


OY 


N 


* 


4 * P 
ge WT 
* 1 30 PR 
Re 


Wa HOT 


PE * 


1 #6 


oe, 
72 nat WK 
N > DEP; 45 ry 
% ie 


— ; pd A 
$5 
* = a 


- 
* 
* 
* 
- 
2 = 
- 
1 
— 
go? \ 
*. 
> 
Sa © 
4 
ww 1 
—— 
£7 
. 
% 4 
— 
* * 
1 _ 
» 
a 
IT tw — 2 
* TS 4 * 
»— 
COT 1 » 46 of 
„ 5 TY Po s , dd 
1 p 2 4 
* 
7 
T * 4 2 
* * 4 
LY * o * 
37 * 
4 3D . * * V = 
bo 2 7 
x 
1 9 1 
w 
. 
1 
9 2 * 8 
. 4 


' * - : 


| e MARES 7) <—_ — — — i . es AE LIE SD TTT 9 
ther character which hat: e eee rie. f 


attempt to nue row fore-legs. of the bull: and that ſometimes _ 3 5 f : | 
inſtead of the and M we meet with abbreviated words. The „ i. 


251th. figure, w given Gigs ee e a5, "3 
ine den den. "14 11g ns "1: 
Mo $ 3 0 LY: 0 41 3 rob 2. [54 21 n "_ 1 y : 
3 => MP 17 IK EAR: A Ty, 
gent. 7. erte a rns or THE. PLANETS AND COMETS ARE- 2 
** \BLLIPTICAL;- mee IN CON 'ORBITS NOT. £46 0 #:- 
|; 40469 ei ann EET 3 


667 What an ellipft is ſome 1 N 4 4 8 
mvdaction, & 190, —— e of a cone; but 
will be neceſſa our preſent putpoſe to conſiczeg anocher method f 
wing or generating that Agure, which, is as followeth: let a thread tied. 


* 


. TER 


WE of both ence iy er two pins fixed upright upon a plane, at an 

diſtance: from each other ſefs-than de inp ar e fr; a pen & 5 

ene .the = 7 55 keep. i WW. 

its utmoſt tenſion 4 f 
or cir | 

the pios are fixed is, calle ry Aon ;bilicus of the ellipf 4 

focuſesare aſunder the more,oblong will the elli be, the nearer the focuſes. 3 


together the nearer will the ellipfis be to a circle, if the ſame chreadl be ial 
made. uſe of: if the focuſes, coingide-or meet in a point, che firing will then. 3 ll 
dd it. continuing; all che, white of the ſame length, and 9 | 5 

n eee | x | 


THE 
8 | 
urminated x cxchend by the ch 3 
ee ee 0 regter "IF 
| Wien nis gens wor! Bad 
ee bete in onhnBN | 


$ * 154 * 
les; we may now canliger the ellipſis fig a as the orbit ofa >” 25 
this view, ene 13 
. * | 
2 2.6 LW MES... + MO nen 2x36 Oe 1 
S 8 1 1 4. | | 


t 
Y 


i 
Sax 


| F16. Theaxis of any planetsellipticorbir, as'y a fig.27is called rhe line of the ab. 


214 ASTRONOMY BOOK 2, 

27 des: the point A, where the planet is at its greateſt diſtance from the ſun, is 
called its aphelion, ausn, or bigher abfis®: the point y where the planet is at its 
leaſt diſtance from the ſun is its peribelion, oppoftum augis, or lower abfis : the 
extream points of the leſſer axis of the elliptic orbit of a planet xi and m are the 
places of its mean or middle diſtance: and a line drawn from either of thoſe 
points to the ſun as M8 or ms is the line of the planets mean diftance. When we 
would expreſs what the excentricity of the orbit of any planet is, we ſuppoſe 
the line of its mean diſtance to be divided: into 1000 equal parts, and ſay 
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whereof the fun is the center, and the radius of each circle is the leaſt diſtance 

of its reſpective planet from the ſun; and conſequently the diſtance between the 
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and ſo for the reds of the orbit, if dis plane of it be divided into the mixt tri- 28 
esp, Ds E, ESN, Kc. in ſuch a manner that the area of every one of | 


them be equal to the area of'a'sB, a line drawn from the ſun to the planet 
will ſweep each of theſe triangles in the fame time as it does the triangle | 
4865 and conſequently the planetywill go from n to c, from c to p, from 
ot r, from x to 5, Sc. in the ſame time as it did from A to v. 
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the figure is ſufficient to ſhew, that if we would make the areas of them equal, 


theſhorter the two ſtrait lines of any triangle are, the longer muſt the. arc be; Ng 


che longer the ſtrait lines.are, the ſhorter muſt. the arc be: now the ſtrait lines 
are ſhorter the nearer, to the peribelizon, longer the nearer to the. aphelion ; 
and conſequently the ny: $4 any planet in its orbit in a given time 
are longer, the nearer the 
planet is to its aphelian. ; Erondbe 0 .it followeth that every planet moves 
ſwifteſt in its perielion;Nowelt: in its 3 e e or mean mo+- - 
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Fro: RX the greater inequality will there be in the miotion of the comet: for 
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this reaſon, a comet which moves pretty faſt, near its; perihelion may move 
exceedingly flow at its aphelion; ſo as to make ita entire period to take up a 
great number of years: the period of che comet which appeared in the year 


figure, as does alſo the near approach it made to the ſun in its perihelion; in 

its aphelion it goes to a diſtance from the ſun about eight times as great as 
the ſemidiameter of the orbit of ſaturn. Comets are viſible to us only when 
chey come as near to the ſun as the orbit of jupiter; when they are farther 
from the ſun than that, their diſtance from the earth is ſo great that they 
are inviſible to usa: and this is the reaſon we ſo rarely; ſee any of them, not- 
wirhſtanding they are ſo numerous; becauſe they are for much the greateſt 
NE ee ne ooo tony ms 


"ns 4.4 


2 1 
* 4 0 _— —. „* _ — — —— — 
— , — . , _ _ 
5 * Is, 


* 15 15 


* 
* 


Sur. f. rur ASPECTS or THE e e ee THE SUN: 
' THEIR-GEOCENTRIC MOTIONS: | THEIR me -w7r ae ST A- 


2 * 4 c 7 
i ooh £254 . 20-4 


to mode, if they were to be viewed from the ſun; I have alſo ſhewn 
x cheir apparent latitude is varied, by their being viewed from the earth 


„ Cauſes, che motions of the planets themſelves in their orbit, and 2 the mo- 
don of cds carch. by which the ſtation o the'obſerver is continually changing 


ceheic place of the fun: an — — tion can 
d h eben a Planer is in one of it nodes at che as 
*in in che ſine of nodes of that planet; but it is generally called a con- 


conjunction: 
1 pointoppofite'to, w, and the planet at a of 6; $490 oppoſition: when 
hace: of a planet is goꝰ, or a quarter of a circle; diſtant from 
* che planet is ſaid to be in quadr efure, or 3 oi 
— 1 „ e eee 99%): enn x” 


„ of 


„ Tag Sy 7 
; . 2 ' 
5 | 

* 

3 J.. ( IISHIS4 
8 goed ie 1 | ; 
F 7% * 
i 4 - . 


* * * * * 
ls N » S 1 
5 ** x 


” "91 WE. 
” RAY N K * 
. * * Sr ET 4 —— * * hy : mw * 
TX * * * * 4 re 
5 . — % - w — 
he . ne _ », W . * — 
3 1 
2 — += 4 * _— wes 3 33 — * 7 „ 7 
* 7 > . 8 - - Fd. _ A % 
"I * * 0 9 1 * EF: 
> 7 o x * - 1 A = 
> - : i I" & . - a 
« * > * 4 * OE . ** * 4 Ge . > 9 2 1 « *: As ? . hp C 20 * by £5 9 1 N * 4 gl 
x 0 8 4 
* 4 * * 
p 
; P * * * * 4 5 8 A 4 ” 
a * ye * - 4 
(4 - 1 2 » 3 48 1 ol bs 3 
wm 5 : We uh? of . L - 1 8 * 3 
* - 
« "I E 8 wr * I * 1 9 * _ * * 
& . „ 4 * 2 - 428 : i 
= I 90 8 Ne 4 pe {Ix - : N 3 2 
4 bo * 6 =a*Q& + * 1 * * * 4 * ” * ; * * CY { 4 G * ' * * 
* 1 25 5 * * eien . Sp vil + k * * it . & hy al #-- 1 Tr F 4 92 . \ ” * 2 n wo h | —_ j 
We 4 „ +450 4 IR. Py * _ vg 3 5 * e 2 * 1 * . 21 2 "If 2 : A 2 
” >= >" $4 ps „ n re Af 2 a - : 3 * ” 
a * - — — * v 1 * 322 + * \ * 1 ha 0 
% : a, IVES + * 10 | : 3 1 g 3 * of 4 
» my b * * 4 * - 7 5 5 * . 1 * 8 * 6 
Y — * = K * * * = 
. * 4 1 2 hom r onda. to Le . 
- ”" 1 * * 5 x 7 « bs * N a8 F- 9 
- 7 * 4 : 4 
= 
- 
£ 
— eu P : 
= ef _ 
. . " 
. 
* 3 
\ = 
* 
. - = 
” 9 
1 
* 4 
y ; ; L 
C * % 
- © 4 
3 0 * 
3 ? © , 
= * _ * 4 
- > a 4 4 
\ * 5 
* 
- * 1 
* 
q : > F 
P ? : . . ; N 
. . . _ 1 o t * © 
. . x" 1 ; 3 k * x 5 
. 
% . Fg 9 * ” * 
o * 7 
” 9 41 
, N x 3 \ „ . - 
Ss * 1 * 4 - 
” f : . x 5 9 
6 6 , 1 
- 
y 4 " 2 1 N * 
* < » 7 » 4 9 : Pe 
N Fa . « 
Yr 
” d * 7 
. " L S : 
* . - 3" ” 
* * = s 
% = 
. 
0 . 0 @ * +; N — 5 5 1 : 
Fa * 6 — +. $ 0 7 
« . 
: * > , ; a — 9 ; 
a3 - - 
* 4 " . 
- 1 x 4 iA a 
. 4 > 
**. 4 28 40 2 at _ * 
" , ” : * — 66 "ww 2 8 > — = * « 1 reer — —— Sette. * 
TA 1 — * [4 6 
\ - - 6 * , 0 
* 4 . , 0 " 8 8 .- * * % 4 
? 1 = * v 4 
* > . 3 9 
" . * 
6 * * = A Fy oC - 1 4 
0 . "Ta 0 4 
; " Lf g P - 5 
: . *- #F ks y_ Vo T 0 ** 
, 1 — FL * 
N | | 5 N 3 
- ann pu : - 6 G F * 5 
* 0 3 a E : 6 as a : * 4s 9 
25 3 N F 5 * LY * * ts 
D 4 : 1 — 
"= : : 4 p 


" : Ys I 
: : . e < 
: . . 0 ö & 3 . 
* y * is £ * * 
* 1 BS 1 . » > N o 
0 * 5 3 * | = 
© * = * 
4 bl ;: = * 5 * « 1 7 a he 4 _ * 
5 9 - = , # > * x Y : 
. KL * © * : : 0 _———— - * 
5 : : - * * N N , 4 : 
” 1 
g - 1 - a - 4 : _ 
* . : 0 5 * * -jþ - vow $44 £4 ” "4 : 
— i > y ö + 
% &. * x I g bu 1 1% - G : 
* ” * 4 * S ” . * 
7 S A wy 1 
! 0 * „ . 4 : 
N 6 $P- 2688-3; ©» - 
4 : * F be A 
f 1 4 8 * * 
0 . 
* p ar "© © . * - SS — . 
* 4 Sx we + 1 ” 
| a , * . 
£ ” 1 13 1 * 5 
— — + _- 1 * - — * * = 2 . 12 > — 75 i 2 — 
1 ” 1 p< * 
* * * 7 4 * 25 
* „ * F : * - Þ — m_ . 
5 + . 
— 2 * 2 1 1 * N 2 
— * © N : * b ©, 0 * A ».< 1 = 3 1 ww" 
; . p g 2 * a * n f oN 2 : 2 . 
* — 8 = - = 4 1 — - 7 - 
. ” * . * 
P . 1 
. . 
- — 
* * * 
? V - S — 
” 
Su, » 
- * . ” 
- 4 6 ” 
- _ » ” 
"5 = 
= 1 . a. - * 
he * *. * - 
- 
- » : : 
1 0 g - < fY _— 
" 4 - R 7 * * — 
"yp " => R ,: 1 . * \ 
\ ** * * — — 


8 E 28.88 8 2 „„ eres SS 


= 


PSY 


4 


1 
0 — * 


* 


SY 


bo 


r 


> x * 
96“) Fewer > ++ 


aww x 


»” 


* 


- 


os cowoonnr? 
# * 
% 1 


PTS td 2 


? > 


<< - — — <<coowes 


* 


PTTL) 


* 


4 4 


ae 


— 


N re 


* « 
44... i 


av „ 


R 


* . þ — ä——ä—ä— Do a en tanti. > — — — 
—— — — 


A * 


nel \ vo A. „ 217 


or to be in ſquare with 
plied to any two of the heavenly bodies: thut, the ſun and moon; br the moon 
ind any planet, or two planets may be in conjunction, -oppoſition, or quadra- 
ture · Theſe configurations of the heavei Vodies, ariſing from their mutual 
ſituations with regard to their different 
are called a petit; 1 f they looked at one anetliel in a different manner ac- 
cording to their different pofitions: the word ſcems to be taken ' from the 
ancient notion of the ſun, moon and planets being animated, as do alſo ſome 
other expreſſions uſed by the aſtrologers; as when they talk of the planets af- 
flicting and oppreſſing, or of their aiding and ſtienꝑtliening one another: Tt has 
been already obſerved, $ 626, that the favourers vf judicial aſtrology would 
bare vs believe ſome of the heavenly! bodies to be of a henign others of an 
burtful nature; they teach moreover that planets of the ſame nature in foine' 
ſituations cooperate and j Joyn. their influences; and thoſe of a Ra- 
ture obſtruct one another in their ſeveral effects; and that they 


powers in different e according to their ſeveral uaſpetts 
and therefore, according to Keplers definition, an aſpect is an angle 


= 


pars] 


by. the rays of two planets meeting upoti the earth, Havin 
fluence ſublunary beings. The ancients reckoned only five 
often repreſented. by characters, as may be ſeen in the oommon 
they are theſe that follow, conjunction d, op - 


elch me 


are held to be malevolent, the trine and ſextile beneuoletſt aſpects: the 
junction 3 is 15 ade be of an indifferent nature: ſome of ä 


: greater number of af E as the decile; when che difference in longigsdes 


between thoſe two of the heavenly bodies which are under iconfiderdtion'is's' 
oth 1 of the ecliptic che oQile; when an eighttr part; 

rt, &c. Kepler, quit. arm. f. G4 50 to his 0719 59 

* 17 1 e of/an inferiot planet wit the. 3 

1 ES: hat part of im orbit which is 


from our e: 


ſured on che ecliptic," | 


exert theſe 43 
wir eee * 


ſextile x: with regard to their ſuppoſed influences, the oppo der | 


ID 


. 


the fon; theſe terms ure uſed in alike ſenſ@/when ap-Fro. | 


than the fun ES: its ſuperior ſemicircles, hen \ | 


the ſun 69-6 in che formeraf f tale c 
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inequality of velocity: ſometimes they are fats 
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Fio. junction in his ſuperior: ſemicircle: in like manner venus at i is in conjunc- 


tion in her inferior ſemicircle; at o in her ſuperior. 


678 The inferior planets can never be in oppoſition the fea, Sov indeed 
can they ever appear at a grea t diſtance from him: this diſtance is called their 


29 elongation-: thus, fig. 9 venus at u her geocentric place 


is T, her elongation qr: the greateſt elongation of an inferior Planet i 1s when 
the viſual line, that is a line drawn from the earth to the planet, is a tangent 
to its orbit; thus mercury at x and venus at n are in their greateſt elonga- 
tions: this is ſpeaking in a general and inaccurate way; for the elongation 
of a planet is then greateſt of all when the planet is in its aphelion at the time 
when the viſual line is a tangent to its orbit: thus the greateſt poſſible elonga- 


tion of mereury is , when he is in aphelion, as at I: it is found by obſervation 
. that the greateſt clongation of mercury is about 280 of venus 4.8%. The infe- 


rior, planets in their elongations are ſometimes eaſtward, ſometimes weſt- 


29 ward from the ſun: thus, the earth being at A, when venus appears in any 


part of the arc q ſhe is weſtward from the ſun, and therefore riſes before 


bim, is ſeen. in the morning, and is called he morning far : when ſhe ap- 
pears any where in the are qr, ſhe is eaſtwurd from the ſun, and there- 


fore ſets afiet him, is ſeen in the evening, and is then the evening far. 
679 If the planets were to be viewed from the ſun they would always ap- 


. 8 going on in their heliocentric circles, according to the order of 


as was ſhewu 640; and their motions, though not exactly ſo, 
. v nearly equable: whereas, to us ho view them from the earth, 
they appear ſometimes direct, ſometimes retrograde; and both theſe with great 


onary;' for a little while not 
ſenſibiy changing their geocentrie places in the ſphere of the heaven: this di- 
ede mo. 
tions of the earth and of che planets in their orbits; and therefore, in order 
to a full. explanation, - both theſe: motions muſt be taken into the account: 


bat it will got he amiſſ firſt to conſder them ſeparately ; and, fince the earth 


in longer in going round che ſun in her orbit than either of the inferior pla- 


nat in theirs, let us conſider the eurth us at reſt in ſome part of her orbit, 
8 for example mercury, ann his; and ſee 


32 


would be upon this ſuppoſitiun. 
680 ;Whilt, an interior planet is moving in its ſuperior feinicircle tes geo⸗ 


5 ennie mation. is directs, Mhilſt it is moving in its inferior ſemicircle its geo- 
29 centre motion is retrograde: thus, fig · ag, ſuppoſe che earrh at reſt at A, whilſt 


mercury 13 gaing in His orbit from u co 1, from 1'to'L, his motion appears to 
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an inhabitant of IS C5 Yi 1 wo ; retrograde; "Fat the ſighs; F10. 
namely from R to N from d. to p. when mercht 1 to M, 29 
ben 1. 10 u his geoceinric motion 2. Meg, ach of the 
bene; namely from p to d, from & to . obs lll by 


681 When our.earch is in the line of nodes of an r I 8 
in a perſpective view appears a ſtrait line, as fig ee 
paſſes through the eye of an obſerver upon the earth, J 258 A 5 
the planets apparent motion is then in a ſtrait line: thus, let che earth in 
the line of nodes of mercury, the his orbit 18, a8 . 4 15 
firait line A c, extended — Slot thedud mw to-the-diſtarice, of chꝭꝭ x 
nets greateſt clongation: if mercury be then in his ſuperior: ſemich dle, e * 25 
apparent motion is direct, from A to c, in a ſtruit line, but bnequal, going % 2 
the unequal Y e in equal times, faſter the nearer to the f — 
by 5 2685 if a conjunction happens, inn a 
If vchen the earth is in the line of his nodes, in his infetior- Wo 
micircle,- his apparent motiom is retrograde, in the ſame ſic line as befvre n 
from:©/to A, but more unequal than in the receding cast h 260 bp gong 
faſter the nearer to the ſun, ad in conjunction he patles be 7 the ſum and . 
our eye, and a to go over the ſun's diſk from 5 | in this manner L144 3 bf 

ITS 0 11 . 


ſcen to paſi oe the fün's di was neve 
— to do ſo hut once, Novemb; 24. 1639. When the earilfüs out | 
the line of nodes of an inferior planet its-orbit-appears+an;Ulipſy maore: 

leſs, excentric! according; gs) our eye ia differently eee ee, 7-24 
208 e: rhe apparent modon therefott af the plancy; ischen/in,anellipricctive;— , : -: 
thus, ler the earth he ns far as poſlible;/ tharis 50h, ant ef the Egg of ode, 
of mercury, the projection of his orbit will be ſuch e de 7c 
3a, wherein he will to move according to the;Hrder of che drt | 
dire when in his ſuperior ſemicircle, Foam. fraty'6 10:0, re 
the ſun at b, in conjunction: bur in dis inferior e is 7 
tion. will be retrograde, from c to d, from Am = and in conjiidiingrhe will , 
be below the ſun at de, in theſe ee ene motion wil be rv 
2 n but maſt ual in the ir 7 


cle, going through the 2 int which d odliptic curve igh 4 
vided, in equal times, See $:268; 26 $f | ws, . of. 


wel The geooentric motion of ch 


fx: 4 Ma n 


8 hi ] Sp 
, ; 5 * 
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Fi. which was e 3 672, but to their ben [beivg viewed obliquely, 


and by chat means projected into oblong ellipſes or ſtrait lines with the ſun 


31 in the middle of them, as fig. 3 1 and 32; in which projections a body mo- 
32 ving with an uniform velocity round a circle will appear to move irregularly, 
ſwifteritheinearer to the middle; flower the nearer to the extremities ac or 
AG: ſee this mort fully: explained in the introduction, 5 268, 269. 
683 An inferior planet is ſtationary while its motion is changing from di- 
rect to retrograde, or from retrograde to direct; that is it will appear not to 
change its place ſenſibly for ſome time: now if the earth ſtood ſtill the pla- 
oes of being ſtatibnary would be at the planets greateſt elongation; for though 
it be ibe nature of a tangent to touch its circle only in 2 point, yet when the 
circle is large the receding of the circle from the tangint is not perceptible 
29 in the parts very near the point of contact: thus, fig 299 ſuppoſe the earth 
| fo beat reſt at à venus would appear ſtationary, her geocentric place conti- 
nuing at r, all the while ſhe is going in her orbit from à to 6: becauſe her 
deviation from the viſual line Ar would ſcarce be perceptible ſo near the 
point of eontact n. Thus to an inhabitant of the earth the inferior planets ap- 
pear always near the fin, alternately going from him and returning to him, 
in trait lines or elliptic curves, firſt on one ſide and then on the other: ſome- 
times ſo near the ſun as to be rendred inviſible by his ſtronger light; ſome- 
times, When in or near their nodes, ——— in their ſupe- 
rior ſemicireles; or come between the ſun and our eyes, in their inferior ſe- 
micireles: and im this laſt cafe appear like ſpots moving over the diſk of the ſun. 
684 Hitherto, for the more eaſy comprehenſion of them, I have conſi- 
dered the geooentric motions of tlie inferior planets, ſup ppoſing the earth to 
© ftand ſtill in ſume part of her orbit, while they go 15 the ſun in theirs; 
the motion of the earth makes ſome 1 ſhall now be ſhewn: 
_ if the earth were to ſtand ſtill in any point of her orbit as at A, the places 
of oonjunction both in the inferior and ſuperior ſemicircle, as alſo of great- 
29 eſt elongation, and conſequently'the places of direct and retrograde motion 
| and of che ſtations of an inferior planet would be always in the fame parts of 
the heaven: thus, fig.'29, 9, upon this ſuppoſition, the places of mercury's ſta- 
tions would be always the points 7 and R, the arc of his direct motion p x, 
and the arc of his retrograde motion xv: whereas now, the places wherein 
theſe appearandes happen ate continually advancing forward, in the ecliptic, 
according to the order of the ſigns, by the motion of the earth in her or- 
33 bit: thus, g. 33. let xD be the orbit of the earth, eg hᷣ the orbit of mer- 
cury; O the ſun, G I an ar of the ecliptic; when the earth is at A the ſun's 
N place is at 7% and. * in . A muſt be in 
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TH. poſe bim t. g be at Fic. 
Fin his inferior — if 25 — 150 f t. A; 'mercify's S, Wh on- 33 
junction would be when he is in his ſuperior ſemicirdle at . the places alſo 
of mercury's greateſt elongation from the ſun would in hiburbit he and 2. 
and in the ecliptic E and G, but let the earth go on in her 6rbit rhit, "ſv "7 
from A to z, the ſun's Ntri Jace i is now at k, and mercutryvin* 
to be in conjunction ſhould be in line i 5K at u. As by the motioff 
earth the places o mercurys conjunctions wich the ſun are thus contin 
carried round the ecliptic according to the order uf the. figns, fo the 9 NZ 2 
alſo of his utmoſt. chengätion muſt go forward the Fre io 4 this, YER; N25 * 8 
the earth is at A tlie places of mercury's {be] | | 9 
in the ecliptic = and & the motion of che 
forward, from d to 1, ant 1 l. Ten 
685 But the'poceritric motion bn hrertury wil "be 
following figure, which is tuch eaſier to he com Je 
gent view it may appear to be. In figure” 40 we hive 
marked'Y u u &, in the center of Which is h fin 
the orbits of mertuty and the earth: the orbit &f mere " is Piyided 
equal parts, each part containing ſuch an arc as mercary g d 
days, the points of diviſion are marked with numeral Fs 2% 
of the orbit of the earth ABEL ewig divided into #2 equal 
being ſo much as the earth goes through in 8 days; time, the 1 
don are marked with the letters abc def &c, and fhew fo on 2 
ons from whence mercury may be obſerved by un Mihabitant o* theearth : 4 
ſuppoſe then mercury to be at that point of his orbit which is marked nh „ 
the figure 1, and ar the fame time the earth x6 be Key Faker a Hike ed 
through 1 and it mercury's geocentr ace at A; in 8 . 
wil be got to 2, the carth to bi draw a line m 5 
out mereur) v geocentric place A us in Rother 9 N f 
che earth at c; à line dries fro ee eee hew#Hi 
e: Aer through-rhe; lines fro: 


earth at d, e, V, g. &c c; throught the in mercuryy. 0 8 17 
we ſhall find his trie places ſuccefivdy at bj/2 8,6; 
1 tb dy Roth 5 50 b te 


be 22 p 
e have marked de — . iner ct 
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"Fre. numeral figures ae diviſion, to ſhew chat we are to go over 


CY 


30 his orbit twice in conſidering the ſcheme before us. 


686 The geocentric motion of venus may be explained by a figure ſimilar 
to that made uſe of to ſhew the motion of mercury; only, as mercury goes 
through his orbit quicker than venus, conjunctions, oppoſitions, Pons 
_ Nations, and the changes of motion from direct to retrograde or from re- 
to direct are all more frequent in mercury than in venus. 

687 In order to an explanation of the ſtations of the planets, it may be 


remembred that I have before laid down this poſition, 5 636, that, in com- 


pariſon of the diſtance of the. ſtars, the orbit of ſaturn is but as a point; 
much more may the ſame be ſaid of the orbit of the earth and conſequently, 
if we conſider any two, parallel lines which are not at a greater diſtance from 
one another than the diameter of the orbit of the earth amounts to, ſuch lines 
continued would, as far as could be perceived by obſervation, terminate in 
the ſame point of the ſphere of the heaven: this being premiſed, let the 


34 bud circles Gig. 34 repreſent the orbits of venus and of the earth, let the 


lines AZ, BF, CG, DH, be parallel to sr, I fay they will all, if continued, ter- 
minate in the fame point in the heaven, as to ſenſe, as the line s extended 
chicher would do: now ſuppoſe venus at x when the carth is at 4, the viſual 
ray by which yenus is fern is the line A: ſuppoſe while venus goes from x 
to y.the carth goes from 4 to B, the the viſual ray in which venus is now ſeen 
is B, paiallel to az; and therefore venus will be all that time ſtationary, 
appearing in chat point of the heaven where s extended would terminate: 
this ſtation is at her chang) ging from direct to retrograde: again, ſuppoſe when 
Cen gor 
from c to py venus goes from & to R, ſo that ſhe is ſeen in the line dx paral- 
lel to co, venus will be all that time ſtationary, appearing in that point where 
a line drawn from s through, v would terminate: this ſtation is at her chang- 


ing from retrograde to direct: both ſtations are in her inferior ſemicircle. 


688 An inferior. planet in conjunction with the ſun in its inferior ga 
circle in hid-mabe dn ferigee, in conjunction in its ſuperior ſemicircle it is 


29 to be in apogee: thus fig. AN aig theo is at A venus be at x, mercu- 


y at l, they are in perigee; if venus be at o, mercury at u, they are in 

apogee, The he diftance of each of the inferior planets from che earth when the 
| playeris ip peeiges is variable;,as is alſo rs apogee diſtance: the variation of 
theſe diſtances. of the infegjor planets is owing partly to the excenrricitics of 
their hie arid) of the orbit of the earth; and partly to che motions of thoſe 
- planets. and the motion of the earth; by which it comes to paſs that they are 
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In'perigee when they are in different parts of their ocbith e ede Pig. | | 
the earth is in different parts of her orbit Since the differetice between the 7 
perihelion and aphelion diftances from the ſun is greater in the bit of mer- | ; 
Fury than in the orbit of the carth®, will be at the leaſt poſſible di- "oY 
lance from the carch when hes in perige t che cing chat he i in aphelon: — 
becauſe, mercury being them between the earth len, our 3 
Þ his een dite, Bb the fm brings bun the to the earth that 
wer he can be: again, mercury is at the greateſt pbflible diſtance ee 
earth when he is in apogee at the time that he is in aphel ion; becauſe, the ſun 
being then between che earth and mercury, his running out in that ftüßtion 
ee dane own the ſun carries him the from che earth ä 
thar ever he can be: chu, fig. 29, ſuppoſe mercury to his aphelion x, 29 = 
Foc ord then may i hl piles if che earth "3515 | F100 
ar v he is at the git poſſible diſtance from the earch{$#Sinice the dif- 
ſerencs between the perihelion and aphelion diſtances is g ns 
ae A LE en gens. 
ſince from the earth hen ſhe is in petigge at the/cline tha Te 
peribelion ; becauſe, venus being then n the earth and the fun, the 15 
earth by a apf acht f dr part'of Yer it the neareſt to che ſun tHar W he 
able, comes the neareſt to venus that ever the can be: again, venus is at 
the greateſt poſſible diſtance from the earch when the Ig in apogee ar the mne 
de earth is in a mer becaviſe, x then the 'carth 
2 the carth by out, in that part of her orbit, to her great- 
. goes the rel fan tan: a 1 Ax 


0 


835 The inferior + Mes bel FIR (bs kh hh | 
& the carth, are ſometimes nearer, to us & i 


ever to pee 


68 $688; and conſequently their 1 629 
than at other times ©: thus, hg. 29, ſu ſuppoſe ria to he 9 | 
F117 the is the whole di nere! of her orbit, . 20, neater tows ris 
were at o e 1 8 t A. che 
mother places, as F or u, her diſtances gte! niet zcntly | 
rr, "Thus alſo mercury. 
When in conjunGion in his inferior i- 
ha bn ned rs A | 
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FIG. diameter of dur did is then, leaft. As by the different diſtances of che inferior 


planets from us, at different times, their apparent diameters are different; 
ſo. the difference of their apparent diameters ſhews their diſtances to be dif. 
feremt®; how the apparent ae of the planet. MF, meaſured will be 
ſheyyn hereaſter. 
90 A common ſpectator may obſerve an inferior 8 Saas to ap 
proach.nearer and nearer to the ſun, till i it is in comunction with him; and 


— farther and farther from the ſun, till it is at its greateſt elongation; 


and this will be firſt on one ſide of the ſun and then on the other: but if we 


82 


38 


obſerve the change of the apparent place n planet in the ſphere 
of the heaven, its direct motions, ſtations, and retrogradations, and more- 
over. frequently meaſure its diſk, with the micrometer, we ſhall find, by the 
difference of its apparent diameter ar different times, that the planet at ſome 
times comes nearer and nearer to us, and at other times recedes farther and 
farther from us; in ſuch a manner vin: taking the whole of its apparent 
motion into the account, ics courſe raund the carth appears to. be in a com- 
ted curve, which for its reſemb thereto may be called 4 ſpiral: 
W Jin fuch a. 9 the real motion . Fries cr 
7 earth remained perpetuall in the ſame place. 

Re he 35th and 36th figures, taken om Cala, ſhew in | whar kind 
3 of of pi the motions of venus and mercury muſt be, upon this ſuppoſition 
that the earth does not change her place: an explanation of the 3 5th figure 
r os wake her ally ander ed. The outermoſt circle 
ecliptic, the earth & is in the center of it, as it always appears to be, 


g 248, 249: _— Gia line marked with the names'of the months abbrevia- 


| | ted ſhews. the motion of venus, ſuch as it appears to an inhabitant of the 


2 for cight years ſucceſſively; the time for which Caſſini drew theſe 


from the firſt of january 1608 to jan. 1, 17 16: the ſhort ſtrokes 
ical ſhey the places of venus for the firſt day, as alſo for the roth 


crols ct 


: SRI e757 month, during that time: the months and years are 


| Raxions: and e e of venus, with the times. of them: it ſhews alſo 


places: thus * ſp iral exhibits the dire& morions, 


ent e and her recedipg to the greateſt diſtances 

rom, the ca ether with her ſeyeral intermediate diſtances: a thread 

iche Got eng any of the places of venus in the ſpiral. co the eclip- 

ul they her geocentric ic Leg at that time; thus, the Pointed line 
the longitude of venus, January 1. 17 15, to be in 13* of = 
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of contact, venut therefore then appeared ſtationary: her n F16. 
taſily ſeen by ſtretehing a thread from © inthe ſame manner, ſo as to touch, 35 
on either fide, che curve that encloſes thoſe little oval ſpaces marked A, 

5E ii the pointed cirete with the names of. the months at length ſhews Ahr 2 
apparent annual motion of the ſun; which is not feuſibly different in g ears 

ume: by means of dla circle it may be ſeen, for any part of the time here 4 

ſpecified, which was neareſt to the earth venus or the ſun; and how men 

one was nearer to the earth than the other: the elongations of venus from 
the ſun for any part of that time may alſo be ſeen by tlie ſume figure j i 0j; = 
threads'be ſtretehed from m to the ecliptic, in ſuch a manner that one of che 1 
threads may paſs over the place of venus, the other over the place of th un 1 
at che time given, the arc of che eclipric between ee r - 
Ne eee, U JJ © 
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cur. 9 9. THE ASEECTS. or Tu "quyzRION PLANETS with 2 14 Tens 
975 Ms; THEIR. ABOUT, DIRECT, PE Racks RETROGRADR.. 


"gz Al wan ior planet, ging roood the ſun ina a lager orbit aneh 11 
can onl W . teen 


MW | th a1 1 the pls planet: ne og. The the 2 and'o 
he 55 1 for N pork 
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polition to th e ſun Wi „ 
bg. 3 7 if whe the, ea) gh 5 Wt 
Ep al 8 ES, 3 
widritare v 55 the fan 1 5 he is ever pl ad 'p fi 8 
cot © place . e YE 55 1 * 
of ay he is in quadrature with 1 15 . 4 RE 
T , a8 do alſo grind 35.” 1 5 0 4 1 
93 As the 005 round che b n tefs rim — and 10 7 mw) _ | © 3 
"+ 
nad li os pry of 19 while Ges onge roun N 


any of the ſuperior planets; it will not be 5 to e A. SR =, 


0 
Xt; 1 
micircles, "the planet would be rex rade 2.3.7 "while 5 8 ch 
» ber es See Hoo, what enen that N er. an 
lntle more than balf circle ; the deficien A, # 
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226 ASTRONOM'Y :. Book 2. 

5 Pie. points of contact of a line drawn from the planet ſo as to be a tangent to thel 

1 38 orbit of the earth, the planet would be ſtationary: thus, fig, 38, let che circle 

abed be che orbit of the earth, s the ſun, x O an are of che orbit of jupis 

ter, ABC an arc of the ecliptic, ſuppoſe jupiter to continue at r while: th 

earth goes round in her orbit according to the order of the letters bed 

fay while the earth. is in the ſemicircle moſt diſtant. from jupiter, going from 

fo. fant þ to c, his motion in the heaven would appear direct; from a tg 

B from n to e: but while the earth is in her neareſt ſemicircle cda, the mo 

3 tion of jupiter would appear retrogtade, from c to ꝝ from n; to A: for a, b, cu 

1 may be conſidered as ſo many ſeveral ſtations from hence an inhabitant off 

we cuarch wood vien jupiter, at different times of the year ; and a ſtrait ling 
a drawn from each of theſe ſtations through x the. place of jupiter, and contig 

= nued to g ecliptic, would ſhew his apparent places there to be ſucceſlively 


+85 at A, B, c, B, A. While the earth is near the points of contact @ and c, jupitel 
„ would appear ſtationary, becauſe the viſual ray drawn from the earth througl 
„„ Jupiter does not ſenfibly differ from the tangent F@ or ye. When the carth 
s at h 4 line drawn from z through s and y to the ecliptic ſhewvs jupiter ty 
5 W with the ſun at n: when the earth is at d, a line drawn from 


d $ continued to the ecliptic would terminate in a 1 oppoſite 0j 
* W che ws Jupiter to be then 1 in oppoſition to 


„ . ſhes. Ke 316 1 


& motion of 4 ſuperior Planet“ ſwifter che nearer it 11 

. 30 e flower the nearer to quadrature with the ſun: thus, fig. 39, | ler@ 
ES: be the ſup, the little circle round it the orbit of the earth, whereof abe 
Ef ok is the 15898 diſtant 1 oPQan arc of the orbit of; jupiter, ancpzif 


5 | © Ho 7 Of 3 Fan! 23. WE TY: © jupiter to ſtand Kill at , 25 


>» Re from @ to g, Jupiter would, appear to go direct from A to o, deſcrl 
1 is 85 unequal arcs AB, BC; CD, DE, EF, FG, in equal times: when ff he 
WE + earth is at 4 jupiter is in conjup&ion with the fun at D, and there his difel 
. motion me i {wifteſt; when the earth is in the point of contact of a line draw 
1 Fowl p biter e to ber otbit, aq in the poinrs 6 or g, Jupiter is ne 
* 4 $7 | 0 Ae dun ihe fan, and the nearer the carth is to either of thoſe pai a0 
„dense s the geocentric motion of jupiter; for the arcs c p and Dz 
Ein & es than Bc. or x, the arcs Bc and Er are greater than Ay or r. 
n 695 The xett retrograde. motion of a ſuperior planet is ſwiſter che nearer it] 
„ 0 oppalition, flower the nearer it is to quadrature with the ſun : thus, ff 
TY DA og tyrant the little circle round it the orbit of the earth, when 
| . u che neareſt ud r arc : of the ns 
. | | 8 3 . e 6 
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aniarc of the celiptit if we: ſuppoſt y 
| 0 I prould appeatiyg'go:cetrograde.figen'e to u, de- 49 
. > Nu, Ik, KL, IM, MN in equal times: when 
the earth is at & jupiter ap at Eid oppoſitidn to the ſun, and there his 
tetrograde motion is ſwifteſt; K 
of contact of the tangents g and Pn, „ jupiter is nearly in quadrature with the 
ſun; and the nearer he is to either of thoſe ꝑointeche flower is his retrogra- 
dation: for the ares Ik and k L are greater chan Nu or LM, and the arcs 
11 and LM are greater than GH or MN. Since the di rte enen 
when the earth is at d, and continues diminiſhing till it | 
grade; near the time of ge it muſt be inſenſible : 5 
retrograde motion, being when the-carth is at B \ 1 
gradually till it changes to direct, muſt alſo at the time of that᷑ change be. 
inſenfible: for any motion gradually decieaſing till i it changes into contra- 
iy motion gradually increafing muſt at the time of the change be inſehſible. 
696 All theſe changes in jupiter's apparent motion, cauſed by che eatth's 
doing round in her orbit, will happen in the ſame manner if we now ſup- 
poſe jupiter to go on ſlowly in his orbit; only they will every year fall out 
when the earth is in different parts of her orbit, and con ſequently at different 
times of the year: thus, ſig · 38, ſuppoſe while the earth goes round her 38 
orbit jupiter goes from x to o, the points of the earth's orbit from whence 
muſt be viewed to appear ſtationary will now be x and y; and conſe- 
quently his ſtations muſt be at a time of the year different from the fomer: 
moreover, the conjunction of jupiter with 1 ſun will now be when the 
earth is at 7; and his oppoſition when ſhe is at e: and therefore theſe alſo will 
fall out at different times of the year from thoſe of the conjunction and oppo- 
ficion immediately preceding. As to the other two ſuperior planets, faturn's 
motion is ſo very flow, that it alters but little the times when, and conſe- 
quently the places where he is in conjunction, in oppoſition, or ſtationary't * - 
the motion of mars is ſo much ſwifter than that of jupirer, that the times 
when, and places where he is in conjunction, in oppoſition, or ſtationary, 
are much more changed en oma erg, . pore” 1 >. 6 
pearances are in jupiter. 
697 But the geocentrie motion obj jupiter, Ae from the conZbinieigh 
of his motion in his orbit with the motion of the earth in hers, is beſt ce. 
plified by the 4 1ſt figure; where S is the ſun, the circle 12348 is the 41 
orbit of the earth, divided into twelve equal arcs for the twelve months of 
per, ae irn den . containing ſo moch un he es 


buen tag 
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K 4 Fr an ee e eee dene aer e en g, | 

4 Pee goes through in'a month's time: now: en eee | 

numeral figure 1 when jupiter is at's, a line drawn from 1 through « ſhews | 

jupiter's place in the ecliptic to be at A: in a month's time the earth will 

be got from 1 co 2, jupiter from & to ö, a line drawn from 2: through 4 

do che ecliptic ſhews his geocentrie place to be at B: in another month the 

Ez earth will be-at'3, jupiter at c, a line drawn from 3 through © points out 

_ his geocentric place at e: it is eaſy to go through the figure in the ſame 

manner, and find jupiter's · geocentric places, for the reſt of the months, at 

„ D, E, r, &c: it is eaſy alſo to obſerve jupiter 's geocentric motion to be dire 

| in the arcs AB, BC;'CD, Dr; retrograde in the arcs EF, vo, GH, #1; direc 

=_ - F ˙ Bog 265 nthee us e pI WES er 
3 arts of the geocentric motion of jupiteg. 

698 A ſaperior planet in conjunction ian ce de did 60 be bm 

37 in-oppaſition to the ſun it is ſaid to be in perigee: thus, fig. 37, if when the 

earth is at = mars be at c, he is in apogee; if when the earth is at x mars} 

be at à, he is in perigee: the diſtance of each of the ſuperior planets from 

1 the currh in apogee is variable, as is alſo its perigee diſtance: the variation 

3 _ of theſe diſtances of the planets is owing partly to the excentriciries 

RW of their orbita, and of the orbit of the earth, and partly to the motions ai 

thoſe planets and of the earth; by which it comes to paſs that they are in 

perigee or in apogee when they are in e 

as hen the earth is in different parts of her orbit. 

699 Since the excentricity of every ee eee 

S e n 669, every ſuperior planet will beat 

che laſt paiidle diſtance from-the exrth wei he is-in perigee ar the fa 

time that he js in his perihelion; becauſe, the earth being between the ful 

and a ſuperior planet in perigee, the planet coming then neareſt to the ſun 

37 approaches the neareſt to the earth chat ever he can be: thus, fig. 37, if when 

mars is at a in perihelion the earth be ar x, mars is in the neareſt periges 

that ig poſſible ; it is true, if when mars is at c the earth be at y, mars is in 

perigee but the perigee diſtance or excceds the perigee diſtance A x ſo much 

as the difference between the perihelion and aphelion diſtances of mars fro 

the ſun amougts to: which in the figure before us is the ſhort line c c. Fat 

the ſame rraſon, of their excentricities being greater than that of che earth; 

1 3 planet is eee from the earth when he i 

Wong the ſame time that he is in aphelion: becauſe, the ſun being be- 

5th and a ſuperior planet in apogee, the planet then running 


: ut 122 pete — fi from the ſun will be at the greateſt diſtance 2 
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and conſequently their app: JAINEECTS< WV Ke thu 27. fap 
the earth to be at E, if n Abe WR; S tne wh Tamere Jo he: 2; 
orbit EY nearer as than if he were at © and cbnf quei i 
appear much larger Ar if he were at 
at 9, B, 2, Q, the d of mars 
conſequently his apparent diameters are 
The diameter of the eatth's 0 ir | gre: | | 
orbit of mars than it des to the diameter c eee 
greater ratio to the diameter of the orbit of jupiter than ir does-\ 
meter of che orbit gf ſaturn, 5 619: and conſequently che — 2 de- 
tween the greateſt and leaſt apparent diarneters is greater im mars chan in 
Jupiter, greater in jupiter than in faturri | ch 2105s gatvon yhoo 
701 Since che apparent diameters of an ee ar differ dikrgerefre re- 
ciprocally as the diſtances, the apparent diameter of mars in perigee l is to his 
apparent diameter in apogee as 25 to 5: the apparent diameter ef jupiter ity 
. bo to his apparent r e th of fturn as; 105 toy 
See F 619 9. CONE | G1 ,5Y9 31} QGHW you nt S157 g. 
zes Sine the cee of etch ut api deres of thc ggg 
parent magnitude of che diſks of the p 
magnitudes in apogee areas followerh, 
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to account. for all 8 appearance, if the carth perpetually fixed 


42 in the ſame place: the 42d and 43d figures n hue ht — . ad of ſpirals 
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90 Abe ben motions. of the, planetz, boch inferior aa ſuperior, 
being ſome 97 — maſt. ditfieule appearances in aſtronomy to repreſent to the 
imagination, I ſhall, endeavour to illuſtrate them farther, by the following 
familiar examples, of ſhips in motion upon the ſea; premiſing to each in- 
ſtanoe a proper lem, Or general poſition taken from optics; lemma 1, A 
body moving along the ſame way with the eye, with a velocity equal to 
che velocity, of che eye, will appear to be at reſt» thus, if two ſhips are fail- 

ing eat ward in. parallel lines, it the ſame, rate, to a ſpectator in one of the 
" ſhips.the other ſhip will continually appear in the ſame ſituation, and be will 
all alopg have the fame view of it, as if both the ſhips ſtood ſtill. 2 A body 
moving the ſame way with the eye, with a greater velocity than that of the 

' eye, Will appear to abe ce ele way. chat it is; really carried, but with a 


leſs ll prin Shan, if eye were at reſt: thus,” if two ſhips fail in parallel 
lines, eaſtward, with 5 velocities, the ſwifter ſhip 215 a ſpectator 


in the flower A appear to go eaſtward, but with a Sa motion than if 
he ſtood upon land. 3 A body moving along the ſame way with the eye, 
with a leſs velocity chan thac * the eye, will appear ta go S contrary way 
to what'its real motion is: thus, if wo ſhips fail with uneg 
eaſtward, to a ſpeftator in the ſafifter ſhip the flower, Rip will appear to go 
| weſtward. 4 If a moving body be carried one way a * e contrary 
v that body will appear to go the ſame way chai its real motion is, with 
mY er, velocity than if eye were at reſt: thus, if twyo ſhips ſail in pa- 
: one; eaſtward, th other weſtward, to a ſpectator in the ſhip fail- 

Ps A ether ſhip}, will appear to go. weſtward, with a greater ve- 

4 hag it would. do Rood upon land, 6 If a body at reſt be viewed 

| by. — body will appear to move with a velocity equal 
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to chat of the eye, but in in 


0 chat of che ſhip- wi 6/17 al ett vad url W alba. en ae fn ; 
£905 Let there be eidicontentrieccitcles abr and non, f there 4 


be drawn any where :xtirough the . find 46 
circles ved and 30 con | 


ſume ſide ; as may alſd the „ 
and neo may bo called as ——— Dat 
706 If a body be mov fond in one circle andthe” as CINE 
is: kme way in another coficentric cifcle; when | 
body ere in the eimivireles-6n. de fande, They: ray: d us botf 
going in Parallel: line; is the ſuine direction; r 
ving — in ——— hes may be*egnfſidered: as/going! in 
parallel lines, in contfity direQions: erer 5 rodkaneahepoints 45 
compaſs, Uiftewbiſhipecſail 


the figyrerde-tuce) be h 
- Senſhi pare — — 0146,/uccarding 46 
td the order of the letters, While the! ſhips are in dhe ſem ler, 

Wert, they may ene der — nes v Cat, 


jon, — 
schier . — — 
26 mo I 3 
2. W * 18 Trans uot WES: 3 
ebe Sce bs iron *\ 


12 


ſme time that the ohr 888 ; 
n n | 

708 The ſame cropland af che cf f he i be 
whilt the ſhip in 15 leſß circle goes from 5 to 71 from right 


Feater circle nge fen ese d ber, ke 
both carried 3 | 
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File cuerled im the lower ſhip! from n to c from e to > the other ſhip will ap- 


46 pear obe rarried eaſtward, but more lowly chan if he ſtood upon land, by 
lemma 2; to a ſpectator in the ſwifter ſhip who is carried from 5 to c from 


| +) 2e:tb Jithejorhbr, eee e to p from Þ to e 


-will appeac to got w ſt ard, by lemma 3: if the ſhips are in oppoſite ſemi- 
-dircles,-a& if wphilſt one is going from to c, from & 10 d, the other is go- 
Ang from 5 0 i, from i to I, to a ſpectator in the ſhip going caſtward the 
other ſhip will appear to go 'weltwerds with greater velocity than if he ſtood 
| Ws land, by lemma 4. $513 $90 hi bgao2 Foo! 2d lc 
271 7 Wuhan has been ſaid of cyo ſhips ſailing in concentrig circles will help 
| the unagination; in canceiving the geocentric motion of the planets; to in- 
46 ſtance fitſt ĩn one of the . — let fig: 46 repreſent the orbits of 
tte earth and of venus, wherein they ate carried perpetually round, accord- 
ing to che order of the letters, with different velocities, venus going round 
dhe ginele hr Kc. in much leſs time than the earth does in the circle 
3, zaiven:&c,) 6: hilſt the earth is in any part of the ſemicircle os x 
wemày cenſider ber motion as in the line ns, in che direction from to s, 
.ifivenusbe then any where in her inferior ſemicirele, or that on the ſame 
tide abedefe, hen atten rig — as in the line v d, in the direc- 
tion n P to. qu here, dine the eireular motions of venus and the earth re- 
Ancei na ate im the ſame directions eantmry to che way that the 
arrows in the figure point. which direction 1 ecliptic and view- 
ed ſrom the carth Gtuated in or near v. is from: N towards v, contrary to the 
order of the ſigns, venus will appear retrograde, but wb a Ne motion 
dan iſ the earth ſtood Bill}: by 5 704. lemma a. 
| 96 ie If while the earth is going along any of the arcs AB, 2 BC, CD, DE, 
* be in her ſuperior or appoſice ſemicircle gi ll ma, ber motion 
i rectilinear is now; from 10 x, contrary to che direction of the 
bon, and therefore, by lemma 3, venus will appear to go in the 
direction o according to the painting, of the arrows, and ſwifter than if the 
rh from: whence ſhe is viewed were at reſt; the apparent motion of venus 
im this caſc te the-egliptyc:s Fom. Y-.tcowards v. e to the 
order f che figns, + 08 (1: : 500 iid ef Ki Ft 11% 8 
-1 531; Jf venus be be pdigt of Contact of a-tangent to her orbit drawn 
from the earth, bet motion does, nog, carry her forward in the ſame direc- 
| tion wich the earth nor in a contrary direftiong but only brings her nearer 
td, or patries her farther from the earth: venus may at thoſe times be con- 
er viewed oh the earth ſhe will 
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if while venus is near the point 4 the earth be at a, the motion of the earth Fic. 

from A to B will make venus appear to go in a contrary direction, which in 46 

the ecliptic will be from & towards ; the like appearance eee 

happen, if when venus is at g the earth be at c. 
712 If when venus is at à the earth be at A, eee * 

in the ſame time the earth goes from 4 to B, venus and the earth appear to 

be carried in the ſame direction, with equal velocities; venus will therefore 

appear ſtationary, by lemma 1: : by the ſame lemma, venus will haye the 

like appearance, if while ſhe is going from F to g the earth be going from 
kot. 

713 e mew venus Winningen len ee coli her Z 

inferior ſemicircle her apparent motion in the ſame direction as the earth's 

is as nothing, 5 706, and from thence increaſes till ſne comes into conjun- 

Rion with the ſun, where ſhe is carried with her greateſt: velocity in the ſame 
direction as the earth is; there muſt be an intermediate place wherein the 
motion of venus thus increafing comes to equal the motion of the earth, and 
conſequently where ſhe appears flationary; as when venus goes from a to 46 
while the earth goes from A to B: again, ſince the motion of venus is ſwift- 
eſt at her inferior conjunction, in the fame direction with the earth s motion, 
; and from thence decreaſes till venus is at ber utmoſt 'weſtern.clangation, 
: where it is again as nothing; there muſt be ſome intermediate place a8 %, 
: where the motion of venus thus decreaſing comes to be equal to the earch's 
> motion: as when venus is at F the earth at x, and venus goes through-the 
arc fg whilſt the earth goes through the arc x L. Thus we ſee one ſtation of 
venus is a little after her utmoſt eaſtern elongation, | wheni ſhe begins to he 
, retrograde; the other . ͤ K wand. tho 
n begins to be direct: as vas ſaid 9 687... 1011 
e 714 Since the times of the cngjunctiont, utmoſt . Ae mr 
ic grade motions as alſo of the flations of the inferior planets depend upon tho 
e combinations of their motions in their orbits with the motion of che earth. 
18 
ne 


in her orbit; any of theſe appearances will be more frequent in mercury than F > 


in venus: becauſe mercury, going with a ſwifter motion through his orbit 

than venus, will in any given time paſs more frequently than venus than 
m the places where he is in conjunction utmoſt elongation, direct retrograde, 
G- ſtationary. How to find che time when an * planet will come n 
er into a given ſituation with reſpect to the ſun and the earth, may be 
n- {Wl © following examples; let fig 4 repreſent the orbits of venus andghe garth, 
ill Wl {x the earth be at & venus at 5. Lp then io: born cQr 1 
< vi the ſun in as, e carth eee 


5 « 2 1 
89 © ; 
od — 


234 ASTRONOMY: | BOOK 2, 
F16. junction in : let venus go round her orbit and return to v, the earth, ta- 
47 king longer time to go round the ſun than venus, will in the mean time g0 
from ꝝ through only a part of her orbit, and venus muſt overtake the earth 
before ſhe can have another inferior conjunction, that is ſne muſt, beſides an 
entire revolution in her orbit, which is equal to four right angles, F 42, go 
through as much more angular motion round the ſun as the earth has done 
in the mean time, ſo as to be in a right line drawn between the ſun and 
1 the earth; ſuppoſe this to happen when the earth is got to p. and venus 
bo | to'T: the angular motions of the earth and venus performed in the ſame 
E rime are reciprocally as their periodical times: and therefore as the perio- 
dical time of the earth is to the periodical time of venus, ſo is the angular 
motion of venus, which is equal to four right angles added to the angu- 
lar motion of the earth in the time between two like conjunctions of ve- 
nus, to the angular motion of the earth in the ſame time; and therefore, by 
divifion of proportion®, as the difference berween the periodical times of ve- 
nus and the earth is to the periodical time of venus, ſo are four right angles 
or 360 degrees to a fourth quantity, namely to the angular motion or num- 
ber of degrees which the earth goes in her orbit from the time of one con- 
junction of venus to the next conjunction of the ſame kind: now the perio- 
dical time of the earth is 365 days 6 hours, or 8766 hours: the period of 
venus 224 days 16 hours, or 5392 hours: the difference is 3374 hours: ſay 
then, as 3374 is to 5392, ſo are four right angles or 360 degrees to a fourth 
number, which will come out 57 5: this number of degrees the earth goes 
through in a year and 218 days: if therefore venus were this day in an infe- 
rior conjunction, it would be a year and 2 18 days before ſhe came again into 
another inferior conjunction: and this alteration of the time occaſions a pro- 
ortionable change in the place, ſo that if one conjunction be in Y the next 
like conjunion will be in . The time between any ſituation of mercury 
with reſpect to the. fun and the earth and another like ſituation may be found 
by the ſame method: the periodical time of the earth is 8766 hours: the pe- 
riod of mercury 87 days 23 hours, or 2111 hours: the difference 6655 
hours: fay then, as 6655 hours is to 2111, ſo are four right angles or 360 
8 to a fourth number, which comes out 114? : this number of degrees the 
earth goes through in 116 days: if therefore mercury were 10 be this day 
in his inferior conjunction, it would be 116 days before he would be again 

in a like&comundion?. s. FP 
715 This problem is commonly reſolved by aſtronomers in another man- 
ner; ſor they compute the diurnal heliocentric motions of venus and of the 
A Euclid. clem. L 5 prop 17- b See Keil's ene, lefure 13. FRY 


I «$5 , * 7 


„M reer — — A ae ee} ares 


© xp” DANY RA DE BEG LP 4% er tt ft WI 


Fg 


2 Ta tx „e 


r Ä⸗ũʃ¼ 7, .,! -  Dw. i.e. I. oe ior 


CHAP, 10. ASTRONOMY | 235 


earth; the difference of theſe motions is the diurnal motion of venus from Fi. 


the earth, or the quantity by which venus would be ſeen to recede from the 
earth every day by a ſpectator placed in the ſun : thus the middle motion of 
the earth is every day about 59 minutes and 8 ſeconds; the middle motion 
of venus in a day is 1 degree 36 minutes and 8 ſeconds, the difference is 37: 
minutes : ſay therefore as 37 minutes is to 360 degrees, or to 21600 mi- 
nutes, ſo is one day to the ſpace of time wherein venus having leſt the earth 
recedes from her 360 degrees; that is, to the time in which ſhe returns to 
the earth again, dhe rims herween b neden ne this 
will be found to be about 583 days, as before 5 714. *. 

716 Theſe times are here computed according 1 niger vg” 
the planets, ſuppoſing them to move always equably, this is therefore cal- 
led a mean conjunction: but becauſe venus and the earth are really carried in 
elliptic orbits, in which their motions are conſtantly variable, ſometimes fa- 
ſter, and ſometimes flower; it may be, that the true conjunction ſhall hap- 
pen ſome few days ſooner or later than by this computation. + Me time of 
the true conjunction is to be computed from the time of the mean 
tion in this manner: find by aſtronomical tables the true places of the earth 
and venus in the ecliptic; from whence we ſhall have the diſtance of the 
earth and venus ſeen from the ſun: compute alſo for the ſame time the an- 
gular motions of theſe. two planets for any given time; ſuppoſe 6 hours; 
the difference of theſe two motions will give the acceſs of venus to the earth, 
or her receſs from it.1n.6 hours: then ſay, as this difference is to the are be- 
tween the places of venus and the earth at the time of the mean conjunction, 
ſo is 6 hours to the time between the mean conjunction and che true; — 
time added to, or ſubtracted from the time of the mean 
„ m ̃ —JnßñX — 
time of their true * Tic n. 

717 If we would apply what was aid in the e chapter to 

the geocentric motions of the ſuperior planets, we may make uſe of the 40th fi- 46 
gure in the following manner: ſuppoſe abc de &c. to be the orbit of the earth 
and AB C DE &c. to be the orbit of mars; when the earth and mars are in 
ſemicircles on the ſame ſide, as when the earth is going in the ſemicirele 
abede while mars is going in the ſemicirele oM, the earth and mats 
may be conſidered as going in the ſame direction, the earth in the direction 
PQ, mars in the direction xs; but the earth being carried with greater v. 
locity than mars, to-a ſpectator upon the earth mars will, by lemma af ap- 
n — $R, contrary to his TR 7 ü 
N eee en, 
G g 2 14 


- MOSES nada 


| 
| 
| 
| 
| 
| 


236 ASTRONOMY book 2, 


Fac. red to the ecliptic is retrograde: when the earth and mars are in oppoſite 


ſemicircles, as when the earth is in the ſemicircle gbiklma while mars is 
in the ſemicircle or M, the earth and mars are carried in contrary direc- 
tions; mars will therefore, by lemma 3, appear then to be carried the way 
he really goes, which referred to the ecliptic pant and he will appear to 
ee ene if the earth were at reſt. 


718 The ftations of the ſuperior planets may alſo be explained by the 34th 


34 ure, which was made uſe of, $ 687, for the inferior planets, premi- 


fing as was there done, that parallel lines Z which are not at a greater diſtance 
from one another than the diameter of the earth's orbit terminate, as to ap- 

in the ſame point of the ſphere of the heaven: let the two circles 
fig 34; now repreſent the orbits of mars and of the earth, let the lines ax, 
Br, co, DR, be parallel to s v; I fay, they will all, if continued, terminate 
in the ſame point of the heaven, as to ſenſe, as the line s would do: now 


ſup mars at A when the earth is at E, the viſual ray by which mars is 


ſeen is EA; ſuppoſe while mars goes from A to B the earth goes from E to 
r, the viſual ray in which mars is now ſeen is 1B; parallel to E A; and there- 
ſore mars will be all that time ſtationary, appearing in that point of the 
beaven where s extended would terminate: this ſtation of mars is at his 

from retrograde to direct: again, ſuppoſe when mars is at c the 
eee the viſual line is Oc; if while the earth goes from G to n, 
mara goes from c to p, he will be ſtationary, appearing in that point where 
a line drawn from v through s extended to the heaven would terminate: this 


ſtation of mars is at his changing from direct to retrograde. 


719 Since the times of the conjunttions, oppofitions, direft and ere 


motions, as alſo of the fations of the ſuperior planets depend upon the com- 


binations of their motions in their orbits with the motion of the earth 


in her orbit; any of theſe appearances will be more frequent in faturn than 
in jupiter, in jupiter than in mars: becauſe, the flower the motion of the 
planet is, the ſooner will the earth overtake. it, ſo as to have it again in 


any given ſituation: thus, ſuppoſe ſaturn to he in conjunction with the ſun 
in v, if ſaturn were to ſtand ſtill, in one revolution of the earth, that 1s in 
one: year, ſaturn would be again in conjunction in Y; but as faturn goes on 
Hlowly ascording to the order of the figns, at the rate of about twelve de- 
grees im a year;F620; the earth muſt go through almoſt thirteen degrees more 


than an entire nevolution, ſo that there will be a year and about thirteen days, 
between any conjunction of ſaturn with the ſun and the conjunction imme- 


aul ſallowing: as jupiter goes faſter in his orbit than ſaturn, the earth 
in going from one * rn to ne muſt have a proportio- 


— 


by | nably 
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nably longer time added to the year: the motion of mars being ſtill ſwifter 
than that of jupiter, the time muſt be {till longer between any two conjunc- 
tions immediately following one ano ter. 

720 The time when a ſuperior planet will come again into a given ſitu- 
ation with reſpect to the ſun and the earth, may be found by the methods be- 
fore uſed for the inferior planets, $715: thus, the mean diurnal motion of 
the earth is about 59 minutes and 8 ſeconds; the mean motion of Jaturn - 
in a day is 2 minutes, the difference is 57 minutes 8 ſeconds: ſay therefore 
as 57 minutes 8 ſeconds is to 360 degrees, or to 21600 minutes, fo is one 
day to the ſpace of time wherein the earth having left ſaturn reeedes from 
him 360 degrees, that is, to the time wherein ſhe returns to ſaturn again, 
or the time between two conjunctions, oppoſitions, or other like aſpects &c: 
this time will be found to be 378 days, or 1 year and 13 days; ſo that if 
ſaturn were to be in oppoſition to the ſun this day, it would be à year and 
13 days before he would be again in oppoſition. — The middle motion of 
jupiter in a day is 4 minutes 59 ſeconds; the difference between this and the 
earth's diurnal motion is 54 minutes and ꝗ ſeconds: ſay then as 54 minutes 
g ſeconds is to 360 degrees, or to 21600 minutes, ſo is one day to the ſpace 
of time wherein the earth having left jupiter recedes from him 360 degtees, 
that is, to the time wherein ſhe returns to jupiter again, this time will be 
found to be 398 days, or 1 year and 33 days; ſo that if jupiter were to be in 
oppoſition to the ſun this day, it would be a year and 33 days before he 
would be again in oppoſition. — The middle motion of nart in à day is 31 
minutes 27 ſeconds; the difference between this and the earth's dĩurnal mo- 
tion is 27 minutes 41 ſeconds: ſay then as 27 minutes 4 ſeconds is to 360 
degrees or to 2 1600 minutes, ſo is one day to the ſpace of time wherein the 
earth having left mars recedes from him 360 degrees, that is to the time 
wherein ſhe returns to him again, this time will be found 780 days, or 2 
years and 50 days; ſo that if mars were to be in oppoſition to the fun this 
day, it would be 2 years and 50 days before he would be again in oppofition- 
to him. The true conjunctions &c. may be found from the mean, as 5 716. 
721 Since the planets are all nearer to us than the fixt ſtats, they may 
ſometimes come between us and ſome of thoſe ſtars which lie near their he- 
liooentrio orbits: ſeveral ſuch occultations f fixt flars by tbe plantty are re- 
corded by aſtronomers both ancient and modern: an inferior planet ma alſꝰ 
ſometimes; paſs between us and a ſuperior planet, and cover it for à little 
while: but theſe appearances are very rare. Ariſtot. metror: J. 1. c, 16. 
Ptolem. almageſt. I. 10. c. 4 9. I 1. e. 3. Kepler. aftron. part. en p. 
304. Streete aſtronomia Carolina p. 107. Nicciol. I. 7. c. 10 
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2 vr eh Ia A "24 2 ax. 74 þ Bb "5 > 4 K g 
ener. 11. nA THE PLANETS ARE OPAKE BODIES AND BORROW 
ALL THEIR LIGHT FROM THE SUN. 


238 The = bony are e globular opake rough bodies which receive all their 
light from the ſun; it is owing to the roughneſs: of the ſurfaces of the pla- 
ners that they reflect light to us from every part in the manner they do; op- 
tical writers ſhew that the image of any object reflected from a globular ſpe- 
culum ot look ing- glaſs is diminiſhed more and more, the greater the diſtance 
of the eye is from the ſpeculum: if there fore the ſurfaces of the planets were 
_ ſmooth and poliſhed they would be inviſible to us, the image of the ſun re- 
flected by any of them would be too ſmall to ſtrike our eye ſenſibly, or if it 
did it would appear only a lucid point: whereas now their diameters are of 
a ſenſible magnitude, becauſe, their ſurfaces being rough, every point of that 
hemiſphere which is enlightened by the ſun reflects light every way, H 223; 
and conſequently makes the body of the planet viſible in its proper dimen- 
ſions. What I have now ſaid may be illuſtrated by the following experiment, 


5 * ſilver globe perfectly poliſhed of about 2 inches diameter in the ſun, 


Trays which fall thereon being reflected variouſly according to their ſe- 
veral incidences upon the convex ſurface, we ſhall have them come to our 
eye only from one point of che globe, which will therefore appear a ſmall 
bright pot, but. the reſt of its ſurface will appear dark let this globe be 
boyled in the liquor made uſe of to. whiten ſilver, and placed in the ſun, and 
it will chen appear of its full dimenſions all over white or luminous: for 
the effect of that liquor is to take off che ſmoothneſs of the poliſh, and make 
the ſurface rough, ſo that every point of it ſhall refle& the rays of light of 
every kind every way. 

723 Every planet has one alba in kenden untineteds this illuminated 
hemiſphere 3 is always that which is turned towards the ſun, the other hemi- 
ſphere of the planet is dark: if we would ſpeak accurately the ſun, being lar- 
ger than any of the planets, illuminates a little more than half of every planet: 
thus, in ſig. 136 of the introduction, let AB cp be the ſun, x rG1 a planet, 
the illuminated part x 10 will be a little bigger than 2 r6G ; but this diffe- 
rence-between: the enlightened and the obſcure part is inſenſible, becauſe the 
diſtanoe of the fun from any of the planets is ſo great chat his light may be 
confidered/as coming to them in lines phyſically pal having the ſame 


effects as if it came in lines exactly parallel. 


724 The. inferior planets, going round che ſun in leſs orbits than our 
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ſpheres turned towar 0 and conſequently, fince the illuminared 
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rt only Fis. 


is viſible to us, through 4 good pe they will appear t go th all the | 

changes which wegſee "ut oon; being ſometimes ha like the new. 

moon, like a half oon, li the moon nearer the full Kc: the 4 figure | | | 
ie fun im me pe 


repreſents the orbits of. 3 venus and the earth, wit 
che center of thẽm; the planets mercuryand venus are drawn in eight different 
ſituations, with their illuminated hemiſpheres towards ſun; if we ſoups 
poſe the earth to be all the while at T, when venus sis at A her dark hemi- 48 
ſphere is towards the earth, and ſh& is therefore inviſible, '&cepr this con- 
junction happens in her node, for then ſhe appears like g dark ſpoc upon the 
diſk of the ſun, as has been already ſaid 8 68 1: Iden Us s is at B a little 
of her enlightened hemiſphere is turned towards the earth, ant the fore ſhe 
appears ſharp horned: when ſhe is at C about half her enlightefgd hemi- 
ſphere is towards our earth, and ſhe appeary like an half moon: at d more 


appear round, nue mdon: | RE 
bout 3 days after Mn: at 6 li e age 
| pol of the horns Te-eurned the om 
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. ASTRONOMY, = - BOOK 2, 
Fi, ſpecially doch as are luminous, hinders us from ſeeing their true ſhapes; the 
flame of a torch or a candle, though really of a conic figure, has at a di- 
ſtance the round appearance of a ſtar or planet. | 
«220; The ſuperior planets, going round the ſun 1 in larger orbits than our 
earth does, always turn much the greateſt part of their enlightened hemi- 
ſpheres towards the earth; and therefore appear round like the full moon, 
except mars who ſometimes appears like the moon ar a little diſtance from 
tte full, and in quadrature almoſt biſected; according to Hevelius a, from 
51 whom the picture of mars fig..51 is taken. For when mars is in quadrature 
37 as at 9 or Q, fig. 37, a good deal of his dark hemiſphere i is towards the 
earth at E: when mars is in conjunction at c, or in oppoſition at A, his 
whole enlightened hemiſphere is towards the earth; and therefore he muſt 
in both thoſe caſes appear exactly round: in other ſituations, which are at 
any diſtance from being in quadrature, as at B and p, there is ſo little of the 
dark hemiſphere of mars towards the earth that he wants very little of ap- 
pearing round. The orbit of the earth is ſo ſmall in compariſon of the or- 
bits of jupiter and ſaturn, that they turn very nearly the ſame hemiſpheres 
towards us as they do towards the ſun; for re planets al- 
ways appear round through the teleſcope. 1 
727 The inferior planets do not ſhine brigheeſt when they are full or 
round viewed through the teleſcope : thus, venus does not appear in her 
47 greateſt brightneſs in her ſuperior . at A, fig. 47, though we then 
ſee her illuminated hemiſphere entire: the reaſon is this, the light which 
comes from venus to us in that ſituation is more diminiſhed by her being 


: 


Hh 23-4 8 then at her greateſt diſtance from usb, than it is increaſed by her turning her 


Whole enlightened diſk cowards us: Dr. Halley has ſhewn e, that venus is 
brighteſt when her elongation from the ſun is about 40 degrees; ſhe does 
indeed in that ſituation ſhew but about a fourth part of her enlightened 
— | 1 ſo that ſhe would through the tele- 
. ape look like the moon about 3 days old; but ſhe is then ſo near us that 
1 this fourth part contains a larger area and ſends us more light than her whole 


| 5 '/. enlightened diſk does when ſhe is at her greateſt: diſtance from us: in this 


| Airuation with reſpect to the ſun, venus is often ſeen in the day time, in ſun- 
ſhite, and is by the vulgar ſometimes taken for a new ſtar; and in the night 
ber light is lo ſtrong that the caſts a ſhadow, which none of the reſt of the 
33 except che ſun and moon. By the method made uſe 
of by.. Halley for venus, it will be found that re is in bis a bright- 
. hben very near his utmoſt clongation. | 
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CHAP. 12. TRONOꝶ M! „ "0 
728 All the planets appear white or luminous, becauſe their ſurfacesre- Fic. 

fle& the rays of light of all kinds, red, yellow; green, &c together; for it 

is the mixture of all theſe which produces whiteneſs :: there is however ſome 

little difference in the colours of the planets, as cheir ſurfaces are different- 

ly modifyed, ſo as to reflect the rays of one colour i in greater quantity than 

others: thus mars appears of a reddiſh. hue, the light of venus is a little in 5 

clined towards yellow, that of jupiter very white, ſaturn a little livid, -and | 
more dim than the reſt, one reaſon of which may be his great diſtance from 
us. We may alſo obſerve. ſome difference in the icolours. of the Axt flars: a- | 
ſtrologers tell us ſuch ſtars, are of the nature of mars ſuch of venus &c, che * 
ground of theſe. fancies ſeems. to be the different colours of the ſtars, where⸗ \ bi 
b eee ws ph arp eugarnscp pn OW Ran. 4+ a 
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THE CAUSE OF THE nit r ne, v5] cht on ben wh 
Meni o. 4 un 11080 * 3 
729 It b Shed Gown, et the rotation of ien . 
axis all the heavenly bodies appear to turn round. us in 24% houses and tht 
. from the ſame. cauſe every point in the heaven except che poles dppears in 
i the natural day to deſcribe either the celeſtial equator, or a circle parallel _— 
7 it: and that according as any place is differently ſituated upon the earth; in „ ee 
a parallel, right or oblique ſphere, every one of the heavenly bodies, ant 23 
amongſt the reſt, the ſun, appears to the inhabitants of the earth du he Bafriete: 
ed round them either in: a cirele coincident with the horizon, dt parallel tio 
it, or that cuts the horizon at tight, or at oblique angleh e It has been alſo © . 
obſerved, chat the ſun appears in different points of the beaven at diffenʒt 
times of the year, ſometimes in the equator, ſometimes very near it, and = 
ſometimes farther off from it, either north or ſouch; and 'thae-rhis-declina+ 1 
tion from the equator is witiiin certain limits, whichithe eee „ 
e e 
orbit, which is now to be more particularly: conſider e 1b 5 
730 Tbe axis of the earth's, be of the eanh's | ; 
orbit parallel to it ſelf in every other. part of her orbit? thus, fig ga, let 1 
. or 22 the heaven, ̃ ab a'greatdi> * Ib Se 
2 5 222. b Chaldci, ah clementis corumgar commiztionthus' all flellts progredientesy natures carum per er- 
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242 ASTRONOMY e ' BOOK 2. 
Fi. ſtance, ſo as to have the eye a little elevated above the plane of the- ecliptic, 
az which circle, marked with the characters of the ſigns y & n &c, is here 
ſeen in a perſpective view, as is alſo the plane of the equator, ABCDEFGHu 
IKL M, and the orbit of the earth, abcdefg, in the middle whereof is the 
fun ©; ns is the axis of the earth, if the poſition of it be obſerved when the 
earth is at a, and a line drawn parallel to it as Ns, I ſay that when the 
earch is at b or c or d &c, her axis is in every one of theſe places parallel 

= Ns, as it is tepreſented i in the figure. Some writers, in explaining the Co- 
ican ſyſtem, mention this paralleliſm of the earth's axis as cauſed by a 

| Ad motion of the earth, which they call zbe motion of inclination, as if, be- 
fides the diurnal rotation and annual motion, another motion were impreſſ- 

ed upon the earth, whereby the inclination of her axis to the plane of her 
orbit were continued in the ſame angle; whereas this is only the conſequence 

of the diurnal and annual motions continuing independent upon one ano- 
ther, the one no way diſturbing the other: ſuppoſe a globe to be carri- 

53 ed along fo that the center of it goes in the line AB, when the globe is at 
A; among the infinite number of diameters of the globe imagine ſome one 
inclined to the line AB' in any angle to be marked out, ſo as to be diſtin- 

3 from the reſt, as op; if the globe has no other motion impreſſed 
upon it bur a progreſſive one in the line 4 3, when it is come from A to s 
the diameter o will be in the ſituation cd, parallel to its former ſituation: 
| if at the ſame time with the progreſſive motion a rotation round the axis cv 

be impreſſed upon the globe, theſe motions are independent upon one ano- 

ther and one will have no effect upon the other, but the axis of rotation will 

at 3, as alſo at all the intermediate places between A and B, be parallel to co. 

I inſteadof a rectilinear motion we ſuppoſe the globe to go in a curve, as in a 

circle or ellipſis, as che earth does round the ſun, the axis of rotation will then 

alſo continue parallel to it felf, undiſturbed by the circular motion: theſe 
morions of a globe are here ſuppoſed to be in vacuo, and not in a medium 

were they meet with any friction or reſiſtance, for then the axis of rotation 

; 9 might be changed, according to the different impulſe of the medium upon its 
. ſurfacet now this is the caſe of the earth and planets in their revolution 
HL round the ſun, chat they move in ſpaces void of all refiſting matter; or if i 

has any reſiſtance i it is ſo ſmall as not to have any ſenſible effect in many ages 
7 De axis of the” earth extended both ways terminates as to ſenſe, in 
er of 000; throughout the year : in reality che axis of 
TON carth- extended deferibes in the heaven round each of the points x and 5 
* . —_ equal to the.cireumference' of the earth's orbit; but the ſphere of the 
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is but as a point: and gpnſequently he axis of the earch extended boch wens Fre. 
— as to ſenſe, e pranin; 0 poines and s; and thoſe 2 


are the/poles- the heaven 


— it comes to andy t every poinꝶ in the een eee, to - 


es g ; 


ſcribe either the equator or a parallel to the A ee 


ral day. It has already been obſerved, 5 359 and 366, that the ſun. is but 
twice a year in the equator, at the tyra cquinoxes; and that every other day 
of the year he is more or leſs in norch o or ouch declination: and accordingly 
appears to deſcribe a parallel tmore-or;lefs north or ſouth of the equator: 
what diverſity the declination of che ſun thus yarying occaſions in the length 
r and; yn»; 
at the ſame time of the year in different | . 
book 1 re 8. and 10. erm now 


| ü 


r and his 
nh che plane of the carth's equator - 
a e ee un would appear to de carried 
in che year: thus, fig. 54 ex- 54 
| ew, che eye being at @ great 
diſtance and a little elevated of it: if the axis of the earth 
ae 
equator in every one of the ſituations a, b, c, d, cc would paſs through the 
fun; and then the ſun's apparent place in the heaven muſt beiin che celeſtial 
equator; and conſequently we ſhould have p equinox: the ſun indeed 
would, by rhe progreſi of the cafth thrbuꝶh f arbit, appear every day in a 
different point of the equator, 15 as to gb thre gh that virale in the ſpace of a 
year; but this would make no difference in the ſeaſons of the yen | x 


3 
ſun is in the center of che 
tended would paſt through the 
tound in the celeſtial equator e 


I 


Uk, and that in the ſame manner as e r ere ner noxe 
733 The axis-of the earth is inolinaſ v 
o make an angle with it of -66*-41' : hence che aue of twin 
tor makes with the plane of her orbit a angle of 23% 29, the c 
to 66* 31: and conſequently the qainitinh 
other in an anglerof-23* 29. TW Gy . 
the points Y and =, and ther 
points he appears in the celeſtial iin 5 
dliptic he is in north or ſouth de chin ler fig. 52 be the een, or 52 
the ſphere of che heaven repreſented af ſeen at great ſtance i peripec 
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Fre. tive view, AB op &c is the celeſtial equator, V N & &c the ecliptic, abc: 
32 Fix h&/Stbit oC this eavely the arctic, s the antarctic pole, z the north, x the 
ſouth pole of the eclipric: about the roth of march, the earth being at a, the 
ſun's place to an inhabitant of the earth is at y; and the rotation of the earth 
for that natural day makes him appear to be carried round in the celeſtial e. 
quator: the next day, by the earth going about one degree in her orbit from 
S towards 6, the ſun's place will appear to be advanced about one degree from 
towards 5; this carries him a little into north declination, and he that day 
appears to go round in a parallel a little north of the equator. As the * 
goes on from @ to 6, from þ to c, from c to d, &c, the ſun appears to pro- 
oeed in the ecliptic; changing his declination according as that circle devi- 
ates from or approaches to the celeſtial equator: thus, from Y towards t 
and ſo on according to the order of the ſigns, his northern declination every 
day increaſes; for about the 1oth of april when the ſun is at 5 his declinati- 
on is V 55 about che roth of may when be is at Tit is 1c; about the 10th of 
june When be ig at & it is cp; and this is his greateſt north declination, 
amounting to 23” ag: that day the ſun appears to be carried round in the 
tropic of cancer, and is vertical at noon to thoſe who live in a correſpond- 
ning parallel upon the earth, namely in che northern tropic, in 23* 29 north 
latitudes: from thence the ſun's declination continually. decreaſes; fo that a- 
bout the 0th of july his place is at N, his declination is & E: about the 
10 of he is at 7, his declination v: about the 10th of ſeptember 
he is again in che celeſtial equator at : for the remaining months he is in 
ſouth declination; in october at n: in november at : in december at b, 
in his greateſt ſouch declination, when he deſeribes the tropic of capricorn, 
and is vertical at noon to thoſe who live under that circle, or in 23 29 ſouth 
latitude: in january the ſun is at = : in february at : and about the re- 
55 turning roth of march in 1 again. In the 55th figure we have the celeſtial 
equator and ecliptic in another view); it repreſents an hoop containing al 
chat part of the ſphere of he heaven which is between the tropics; ſuppo- 
ſing it to be cut open and unbent into a plane, in the ſame manner as we 
conſidered the zodiac, 565 l: it ſhews the change of the ſun's declination in 
his progreſs through the twelve ſigns: in april it. is 5B; in may 0 c; &c. 
52 734 The 52 and 55 figures ſhew how it comes to paſs that the ſun's de- 
55 clination changes faſter the nearer he is to one of the points Y and , where 
the equator and ecliptic interſect one another; for there thoſe circles recede 
faſteſt from one another: the ſame hgures ſhew alſo why the ſun's declinati- 
on changes more flowly:che'nearer:he is to one of the ſolſtitial points = and 
"700 . hroahithanns ecliptic ED the two tropics: does not recede ares 
| _ by 
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from them for ſome ſpace: and therefore all the while the ſun is near ei- Fic. 


— — — 


ther of che ſolſtitial points the Parallels in which he every day appears to 
be carried round by the earths rotation are not 


3 of the ange dectinarion 3 is ſcarce pete Kible 
735 The change of. the" Jeaſons, ariſing from | ip#linari' 
axis to the plane of her orbit, may be very v Ewn | ther mangle 
the 36 figure, which is commonly made uſe of for WN * | 
riginally from Galilega; the ellipſis Y = fepreſents the orbit of hee! 
in a perſpective vieWgthe earth with ſuch circles as are requiſite for the pr 
ſent occaſion is pictured in the four ſeveral fituations which ſhe is in at 
beginning of the four ſeaſons of the Toon, is the axis of the gar 
el to it (elf in all the ſituations; x dis the equator; ⁊ c th the norghery ©, * N > 
Sp the north a” circle, BD the ſouthern trag the ſod % 
we imagine a Ie drawn from s the ho Eche ſun tat 
of the earth in ea on, this central i elt call 
about the roth off en the earth is acgin 
of the earth at Mr tropic Tc; and qeently, by the earth's ro- 
mation round her ä is, the inhabitants of every part of the circle Tc will 
ſhecefively have the ſun in their zenith, or in other words he will be verticalb 
toithem that day at noon, and the fun appears that day to be carried round 
in the tropic of cancer: about the 1oth of ſeptember the earth is at V, the 
central ſolar ray s terminares upon the ſurface of the earth in che equator; + 
and therefore the fun to be carried round in the celeſtial equator;zand 
wiſncceflively vertical to thoſe who live under that circle: about the 10th 
of december, when the earth is at S, the central ſolar ray s:xerminates on 
the ſurface of theicarth in the ſouthern tropic vp and for that day the fon | 
appears to be carried round in the tropic of capricorn, and is vertical to thoſe LES 
ho live under that circle: about the roth of march the carth:is at & ! 
the ray 8: points at the equator again; and conſequently the fun appears u. 
main in the celeſtial equator, and is again vertical to thoſe who live under | 
the line.—The 56 figure ſhews very well how a central ray drawn from 1the 56 / / 
fun points at the northern tropic upon the earth, about the roth of] june; at Ws 5 
the ſouthern tropid, in december: it ſhews àlſo how This. central ſdlaꝝ fa,. | 
points at the equator, in march and ſeptember : but theſe two ſeaſons I think | 
are not ſo well repreſented as the other; and therefore I have in fig, 57 given 57 
another perſpective view of the orbit of the earth, wherein the Pointing of 
che central ſolar ray eee Equator at che two. N 195 bet- | 
ter manner. 76118 . e ep l TN 246: 736 | 
de --. . 6 $$ 309 $ 39 % 1 * | 
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Fi6. 736 Fig, $$ exhibits the orbit of the earth in another perſpective view; the 
8 earth is drawn in the twelve ſeveral places which ſhe is in about the oth 
day of each of the twelve months, keeping the paralleliſm of her axis in 
| thoſe ſeveral ſituations: now if a line be drawn from the center of the ſun to 
the center of the earth in each ſituation, i in march when the earth is at , it 
at the equator: in april it points at che parallel here expreſt by the 
dotted line ab, which is a little in north latitude: in may at a parallel farther 
57 north, which is alſo expreſt in the figure by a dotted line: and in june at the 
northern tropic: in july and auguſt the line points at parallels leſs and leſs 
north, marked here by dotted lines: in ſeptember it points at the equator a- 
gain; for the reſt of the months the line points at parallels in ſouth latitude, 
marked in the figure by dotted lines; going more and more ſouth from ſeptem- 
ber till december, when it points at the ſouthern tropic: from thence it points 
every day at a parallel nearer and nearer to the equator; till about the 10th 
of che returning march ĩt points at the equator again: it is eaſy to ſee that 
according as the central ſolar ray points any day of the year, at the equator, 
or at ſame parallel upon the earth more or leſs north or ſoath, the fun appears 
to be carried round that day either in the equator, or in ſome celeſtial paral- 
men or Jes north. or (que, correſponding to the terreſtrial parallel. 
- 737 The ſon is not only twice a year vertical to the inhabitants under 
the line, namely at the two equinoxes; but alſo to the inhabitants of any pa- 
klallel ſituated between the tropics: thus the ſun is vertical to the inhabitants 
58 of the ab in april, as the earth is going from the equinoctial point 
= towards the ſolſtitial point Þ; and in auguſt, as ſhe. is going from the ſol- 
ſtitial point Þ towards: the equinoctial point y: in like manner, the figure 
ſhews the central ſolar ray to point at che ſame parallel in july as in may: in 
october as in february: in november as in january: from hence appears the 
reaſon why the days are of the ſame length with us, as alſo in any place in 
8222 in auguſt as in april: in july as in may: in november as 
in in october as in ſebruary: the only difference is that in april, may, 
wary, and february, the days are increaſing; DOA Er, and 


- 66 738 if web imagines plane perpeadicular.to the line drawn. from-the cen- 


Sy ter of the ſun to paſs through the center of the earth, che ſection of the globe 

| SOM Jahan pline will-be.a gate t circle, Which may be called be cir- 

cle illumination; becauſe it marks out that half of the earth which is to- 

Wards che ſun; and is enlightened by him, wherein it is day, and divides it 
from the other half which-is in darkneſs, wherein it- is night: the circle of 

illumination. youre divides the FRI into two on parts, 5 177; and 

: therefore 
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therefore all who live under the equator have the days and nights equal F10. 
throughout the year. 

9 About the 1oth of inarch; when che earch is at the point a, and the 56 
1oth of ſeptember, when ſhe is at Y, the plane of the circle of illumination 57 

through the axis of the earth, and divides not only the equator but 58 76 

every parallel alſo both north and ſouth into two equal parts; and conſe- 
quently every point of the earth's ſurface is by her rotation carried juſt as 
long in light as in darkneſs: thoſe times therefore are the #wwo equrnoxes, when 
the nights and days are equal over the face of the whole earth, and the cir- 
cle in which the ſun then appears to be carried round is called the equinoZtial. 

740 In every other ſituation of the earth, every parallel through which 
the plane of the circle of illumination paſſes is divided by it unequally, and 
more unequally the farther the earth is from the equinoctial points v and =; 58 
and conſequently,' at all other times of the year except the equinoxes, the 
days and "nights are unequal, in every place ſituated in an oblique ſphere : 
and the greater the diſtance of time is from the equinox, the greater is this in- 
equality of the day and night: the greateſt inequality therefore i is at the Fo 
folfices; when the earth is at & or b. 

741 In every ſituation of the earth except at the two equinoxes at Y and 58 
a, there may be taken parallels near each pole which are not cut by the circle 
of illumination, but are ſome of them entirely in the light, others entirely in 
the dark: ſo long as any parallel is entirely i in the light it is continual day 
without night in every ole of the earth in that parallel; as it is alſo in eve- 
ry place ſituated between that parallel and the neareſt pole: ſo long as any 
parallel continues entirely in the dark it is continual night without day to all 
the inhabitancs therein; as it — in every: Place fituated berween that Pa- 
rallel and the neareſt pole. 

742 About the 10th of june, in 0 We ſolſtice, When the earth is 56 
at b, the largeſt parallel x » which can be taken entirely in the light is the 58 
north polar circle; the largeſt parallel r which can be taken entirely in the 
dark is the ſouth polar circle: at that time therefore it is continual day eyery 
where within the north polar, and continual night in all places within the 
uf ſouth polar circle: about the roth of december, at the winter ſolſtice, when 
de the earth is at o, the reverſe of this happens; che north polar circle x» is then 
1 entirely in the dark; the ſouth polar v G entirely in the light, as appears 7 


It a Iain pace hers the fon i ate bes ended round 16's bebes Ka lh eng 
of and half below the plane of that circle: notwithſtanding, to a ſpettator under either of tho poles his Rl. 
4 e ei e een makes him appear highes 
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Fi. the 56 and 58 figures: at that time therefore it is continual day, within the 

; 56 ſouth polar, and continual night within the north polar circle. 
58 743 From the ſummer ſolſtice, when the earth being at bb fig. 58, the 


north polar x r is entirely in the light, the ſouth polar 5 & entirely in the 


dark, the greateſt north parallels which can be taken entirely in the light 
and the greateſt ſouth parallels which can be taken entirely in the dark dai- 


ly grow leſs and leſs, till the earth comes to Y, at the autumnal equinox; 


when, the circle of illumination cuts all the parallels equally, and every 


point of che earth's ſurface is by her rotation continued as long in the light 
as in the dark. From the autumnal equinox the parts about the north pole 


begin to go entirely into the dark, and the parts about the ſouth pole entire. 

y into the light; and the circle of illumination cuts the ſurface of the earth 
in ſuch a manner as to encreaſe every day the darkneſs about the north pole, 
and the light about the ſouth, till the winter ſolſtice; when, the earth be- 


ing at e, the whole north polar is in the dark, and the whole ſouth polar 


in the light. From the winter ſolſtice the greateſt entirely dark northern pa- 
rallels and the greateſt entirely light ſouthern parallels grow every day leſs 


and lefs, till the vernal equinox; when, the earth being at &, all the paral- 


lels are again divided into equal parts by the circle of illumination. From 
_ the vernal equinox the parts about the north pole come every day more and 


more entirely into the light, and the parts about the ſouth pole more and 
more entirely into the dark, till at the ſummer ſolſtice the earth is again at 
S; and the circle of illumination cuts the ſurface of the earth in ſuch manner 
as to throw the whole north polar into the light, and. the whole ſouth polar 


58 into the dark. The 58 figure makes what I have now ſaid eaſy to be com- 


prehended; ſhewing the gradual ſucceſſive gaining and loſing of light and 
darkneſs, in different months, upon the parts about each of the poles. 
From the roth of march to the 10 of ſeptember, whilſt the earth is 


1 in her orb rhrough 8 8.2, = x, and by thar'$ronen cakes the ſun 
appear to go through the northern ſigns Nn , che circle of illumi- 
nation divides the parallels through which it paſſes, unequally, in ſuch a man- 


ner that the greater part of every north parallel is in the light, and the great - 
er part of every ſouth parallel in the dark: during that time therefore the 


1 17 days are longer than the nights to all who live in north latitude; and the 


2 longer than che days to thoſe who live in ſouth latitude. In the 
other half year, from the 10th of ſeptember to the roth of march, when the 


| earth is going in the other part of her orbit through y u ne d w, and che 


fan is in che ſouthern figns = m 2 % = N, the parallels through which the 


1 


plane of the eirele of illumination paſſes are ſo divided by it that the greater 
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745 Our earth im fitfounded e you: Aale e 
rious Kids of partikles Are cömtigualiy floating; the While taken rs 
called the'atimaſpbert;*From irs ſpherical ſhape,” and frot the greek Wr a- 


cat 
an Which fes u miſt vapor of fraoke:" The r WA Reid ET Diffs ha” 


he rc not to be foimd-in other Aids; ft ts 

laſtic, capable of having its parts ſqutezed cloſer together, 

it ſelf {© as to take * e 

77 — of tar ditncrifion; om the Uther and, 4 Cüpfe TH of 
all preſſire were taken off;would rand i ſelf fo 20 to en x pes in 


lions of thirties as Air has this in common Witfall other mater 
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ALY Vat ine lefs dps el a 
— — bottle filled ke Boks 
do if che Air is exhauſted out of it 
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a 
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n lower parts lye-more compact and cloſe together, in proportion to 
the weight which lies upon them: thus the atmoſphere may be conſidered 
as coniiſting of an indefinite number of ſpheres de e anche 
dune ahoher ds the ſeveral coats of an onion, do. 

747 The armoſphere'is not only admirably fitted for the reſpiration and 
' nouriſhiinent of animals, the growth” of vegetables, the production and pro- 
 Pagation of ſounds &c; but helps alſo to make our habitable earth that beautiful 
ſcene of variety which it now is. If it were not for the atmoſphere the ſun 
and ſtars would give us no. light, but juſt When we turn our eyes upon them, 


R eee eee 
ad ene him to y any-other. part of the heaven, it would apper 
a ll of firs vi 4 e. -light night in winter. As for the 


hich are upon the earth, they would all, without the atmo- 
CPP 
Which happened to be in ſuch a; poſition that the rays of the ſun falling up- 
on them FVV 
beau of th vile creation would be lol ware 2 | 


. By this mea — — ra . 
f B gur h but: alſo for ſome time before his riſing, and 
f aer 22 „FFT 


ble horizon; for the air, 
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78 The: rays of | light © thinner medium inch a thicker are Fic... 
Hacked towards the perpendicular, wherther' the ſur fact of the thicket" me - 
dium be plane or curve; as has been already obſerved, & 213 and 215 r 
of light coming from any of the heavenly bodies ro the eye of an inhabieunt 
of the earth paſſes firſt though a ſpace either perfectiy void of all matter or 
very nearly ſueh in A fair line! till it reaches he top of our armoſpherey 
upon the ſurface of which if it falls obliquely; it will be a very lit - 
tle bent or refracted, at its entrance into the exceedingly chin air, and will 
be continually more and . — and thicker 
air, till it arrives at the earths - tt NM ne 34 240/543 een 
749 If we eee ee ts beds any number of 
centric ſpherical ſpaces of different denſities for example: into four as? is 
done im fig. 59 by a like number of ſpherical farfaces,- a'ray of light doming 59 
from a ſtar at Alould proceed in a ſtrait line till it falls upon dh ouf,HjHm uit 
ſurface at 3, there it would be a little bent, and go on from thence in a ſtrait 
line to c, where; falling upon a ſurface of thicker air, it would receive a giuat· 
er refruction, and — ink op, at y ſtill chicber air woold'give 
it a ne und greater refractiun, into the line E, at E che airibeingmore” 
denſe would give it the refruction, imo the line E: 8 all vifiowib 
made in a right line, a ſpectator upon the earth at r would ſee the ſtar ii the 
line y x continued; ſo that iti refracted or apparent place is e Higher or 
nearer to the zenith than its true place A: refraQion therefore makes all the 
bodies appear higher than their true places. möcht un 
750 If inſtead of four we i atmibdpherette:be\iyhik® into an 
Adden number of ſpherical ſpaces containing air of different denſities it 
is eaſy to ſec! that, inſtead of going in four ſeveral ſtrait lines, a ray uf light 
paſſing through the atmoſphere will go in a curve line, vhoſe curvature con- 
tinualiy inercaſes till it falls upon the earth, ass repreſented hy the ourve 


— fig; 6 er ori bad myuords exoguoom at cnoth ⁰j]ꝙσοð go 


751:Ifa ftar:be in the zenich of a —— —— 


1 upon the 
moſphere, and will therefore proceed in n ſtrait line; without being RET 
by F 212: if a ſtar be in the horizon of an ablerveryaray; coming from i to 


e ſuffers wither refraction — —— * you r 
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| N e reren 
ſenſible refraction ; the height of this is about 


af ir may mach ito demi. 
Ii 12 
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Bid 61, let A nc ce part of che ſurfacerof the earth, x the place of an obſerver, 
61 if a ſtar be in his zonich at a, the line a 2:drawa from the ſtar to his eye fall 
perpendicular upon the ſpherical ſurfacerof the atmoſphere at 7, and conſe- 
quently will be perpendicular to all the concentrie ſpherical ſurfaces which we 
candtagine im chæatmoſphere s if a ſtar he in his horigon at o, the ray cv, 
by which the farts aptin che atmoſphere at p, than 
che ray u x fromm 4 ſtur at n does at ©; or than n ͤ ing from any ſtar 
between o and to the eye at n: moreover the line Bx is longer than x B, or 
E, or chan an other line which can be drawn from the out ide of the at- 
. moſphere to the eye at x, between ps and . 
(12G . che beavenly-badies.is nor only greatef 11 the hori. 
an and none: at all in the zenith but deoreaſcs from the horizon as their alti- 
tudes increaſe, till near che zenith it becames/ ſcarcely ſenſible: aſtronomers 
Sire us tables of refraction i which: ſerve chibſly for the country where they 
" wete made: the air is condenſed, and conſequently refraction increaſed by 
_ colds; and therefore refraction. is greater in cold countries than in hot: it is 
alla leert In. ren chan in hot, du the the morn- 
in greater than the evening; becauſe; the air is rarified by the 
heat of the fad: in the day; and condenſed by the coolneſs of the night: re- 
fraction in alſo ſubict to ſome ſmall variation, at the ſame time of the day in 
the:fideſt weather. ſee { 4837 but theſe nicerics are, I ſuppoſe, not conſidered 
zam mee thi ghee us the mens refractions between! the great: 
eſt and en.. er, ann ee nary e eee oatbort wt 
| ys The nadie of : run bodies is the) ſamb at the tame 
apparent heigiu above the horizon: thus the teſtaction of the fan, moon, or 
am ſtar is the fame, at the: ſame apparent altitude becauſe the rays come 
from them all in ſtrait lines till they enter our if che moon which 
is tho neureſt to our earth be of the fame itude with a ſtar, a ray 
08 coming from the moon goes through the ſame ſpace of air avi ray from the 
60 ſtar dees: thus fig. Go, if a ſtar be at A, tlie moon at 11, u ray from either 
compa alike inthe line an and is alike refracted into the line as C D. 
7 The horizontal refraction being the greateſt is the cauſe of the fo 
„„ ung and ſenting: for the lower edge of the 
62 , more reſracted than the upper edge n, by which means they are 
1 is the perpen diameter A x is ſhortened: 
tien does not ſhor ten the tranſveiſe diameter c h: moreover, 
the lower edge ſuffering the greateſt refraction, the horizontal ſun does not 
1 #complear ellipſis, but the Jower Half c h ö is part of a more oblong 
_ oval than the upper half CAD. What T have now ſaid of the ſun is appli 
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cable alſo to che riſing and ſetting moon. For the ſame reaſon, if we take with FIG. 


an inſtrument the diſtance of two ſtars when they are in the ſame vertical 
and near the horizon, we ſhall find it conſiderably leſs than if we meaſure it 
when they are both at ſuch an height as to ſuffer little or no refraction; be- 
cauſe the lower ſtar is more lifted up than the higher. There is alſo another 
alteration made by refraction in the apparent diſtance of ſtars: if two ſtars 
ate in the ſame almicantarah, or circle parallel to the horizon; their apparent 
diſtance is leſs than the true; for ſince refraction makes each of higher 
in the vertical or azimuth in which they appear, it muſt bring into 
parts of the vertical where they come nearer to one another: th 3 
ſtar A be in the vertical A z, the ſtar s in the vertical 1 2, their true di 

2 arc of a great circle: ſuppoſe à to be liſted up by refracti . 
be lifted u on der Fe gx AG kf AB; 
nee all pr converge ſo as to meet in the zenith 2, it is manifeſt the 
22 between any two verticals is diminiſhed as they grow nearer the ze- 
nich: this contraction of diſtance, according to Dr. Holley : is at the rate of 
one ſecond in a degree; ſo that, for example, if FA Aifiance 


but 2959 30. 


is the oldeſt we have, was made from his own obſervations; it goes 
19.45" becauſe at greater altitudes the author tells us he did 
any ſenfible refraction: Tycho's table of the. refraction of the ſtars is 
h different from thoſe of Flamſteed and Newton, except near the ho- 
he makes the refractions of the ſun and moon about 4 e 
Frogs e betrag g be tr Bede eg his 
own obſervations in his Brig cœleſtis, they come out the ſame, 
2 for the ſmall unavoidable errors to which obſervations are Ba 


actiont, n. 368, may 17277. | 
756 The uſe of the following robert the 8 Akne of any of the 
heavenly bodies being given, take from thence the refraction, and what re- 


mains f. tts tres al ads thus, | if the altitude of the ſun, m moon, or a ſtar 


be obſerved 1 95 take from Ty by Flamftced's cable, 3. the true altitude 
664 4 6 * 5 04's | $2 BY 
a tran a3 8. * box, | * Tychonis progmna 2. 424. 280. 
c 1 e . parallaxes of e fun and Gerry or ing 5 
. — — ik BLE 


a 


two in poltion para] ro he horizon meaſures 30" tat oſt tobe 
755 I have here ſet down four tables of reflaBtion; that of Helo Brabes, 


of Caſſini is taken from les elemens 4 aftronimie verifiez, p. 21: 


— 4s from his biforia"celeftrs, vol. 1 p. 396, and is rhe reſult of his 
own obſervations: Sir IJſaac Netron RO was INA I tranſ- 
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Ricciolus, beſides treating largely of refraction, in his. almageſt, gives us 
there and in his afronomia reformata, another table; wherein, from his own 
obſervations and thoſe of Helo and others cortected, he fers down the diffe- 


rent reffactions of the heavenly bodies; at _ different ** of the year, 
1 bene and the equinoxes. * #8 

Refraction lengthens the day and ſhortens the ek by making the 
fun * — above the horizon a little before his riſing, and à little after his 
ſetting: tefraction alſo makes the n and ſtars appear to riſe ſooner and 


6 0 


ſer later Mam they really do. The diameter of the fun or moon is 


about half degree; the horizontal refraction is a little more than that, as ap- 
pears by the Tables; this makes ſun and m app entire above the 
horizon when; they are below itz 7. ©. =P . 19+ « 

758 The rays of the ſun being (yttered over eg of mag fern pf thei 
which are within r er 5, both morning and e- 
vening: the morn twilight begins when the ſun'is nor more titan about 
18* below. our rational horizon , for then his rays firſt reach the eaſtern pars 


of the MY r vitble I Brien is he roms apa? ri; ks ligh 
ſpreads and enlightens a larger portion of dur air, nd it grows 
— e yn nl riſe: in like manner, after Jun-ſet the light gra- 

r 


ee 


in the 1 ; ; ariſing 
from on denfity-and 5 of * 1s. Y which the va- 
pours and other particles that reflec che Jight of the fun irs carried up to 
eons Poghans lows ture than, at otbersy for the b 


Failed, the lower may the ſun. be depreſt andiyer haye 


| — For chis reaſon the | evening twilight ends at a lower Mpreſion of the 


e 


cnoſes the evening twilight to 1 * morning, at the 
i year in the For the fame reaſon" the twilight is 
e nega} 0- 


being berween or} "he ofthe upd that of 
22 1 
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ther circumſtances being the ſame: 'Ricciolus ar Bologna obſerved, at the e- 
quinoxes, the duration of the twilight in the morning to be 1 hour and 47 
minutes; in the evening 2 hours: and that the evening twilight did not end 
till the ſun was above 200 below the horizon: however the differences in 
the ſame country arifing from this cauſe are ſo ſmall chat they are generally 
not taken notice of. 

760 Beſides theſe plyfical A as they may be called, in the dts 
tion of the twilight, * from the different conſtitution of the air, there 
7 other aſtronomical differences; which are owing to the different ſituations 

of places upon the earth, or to the difference of the ſun's place in the 
heaven: if a place is fituated in a parallel ſphere, or near to it, che appa- 
rent motion of the ſun being parallel to the horizon or nearly parallel, he 
will be carried round for ſome months at a leſs depreſſion than 18"; and 
therefore ſo long will the twilight laſt: in a right ſphere, the twilight is ſhort- 
eſt; becauſe, the ſun riſin g and ſetting at right angles to the horizon, the chan- 
ges of his depreſſion are made in the ſhorteſt times: in any place in an oblique 
ſphere, the nearer the place js to one of the poles the longer are the twilights; 
becauſe the caſe comes the nearer to chat of a parallel ſphere, As to the different 
places of the ſun, the ewilights are longeſt in all places which are in north 
latitude, when the ſun js in the tropic of cancer; in ſouth latirude, when he 
is in the tropic of capricorn; the time of the ſhorteſt twilight is different in 
different latitudes: with us in England, the ſhorteſt twilights are 1 the 
latter end of ſeptember, and che latter end of february u. 5 

761, Niccialuse gives us a table of the, duration f the rwilight, At diffecenc J 
times of the year, in different latitudes: but, as the differences of latitude are 
therein ſet down in no orderly progreſſion, I have here inſerted a new and 
more methodical table, calculated upon a ſuppoſition that the twilight 
ind enda when. the ſum is 13" below the horizon; the letters c. d. ſignify, chat 
it is then continual day without night; c. n. continual night without either 
day or twilight: w. n. that the twilight then laſts the whole night: „ 
inſtance, when the ſun is in * or n, that is, about the roch of february, 
about the oth of ober: the twilight, in the latitude of 52; is 2 hours; in 


the latitude of 70? it is 3 hours 41. 
a OG. 


The wt ares es ton ofthe 


e 
Ern Be OO AO. i: ee 61 Gai 


L 1 e. 31. = How to find the ſhorteſt twilight, ve hat DE 
th n c ek. J. rc. „ S 


KKR Able 


C 


* 


+ Þ A J 20 | 30 371 


BS? oc CO LON WC WE FM WO LY 

Es ) enters | 7H. 7H 7H. H. E. H. / 

—_— — — E — 1 e : — 

neee 
v 


+26 115 iin 44.5 „nn 2 : „il 


5 Vghr of 
18 


ad OTA x ee. 


is 1c table of che duration vf the rwilight in Aue latitudes. 
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ul. 
* 
lag 
Mw 
4 8 


H. H /H. I 7H. 
r 2 555 11 5 
Nie 
1 28 1.43|1.55 | 212 
jr: 24]1 35]1 44[T 55 
I 
I 
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241351 43154 
281 401 49 2 1 


tt dts * 18 1 19 2311-39 {1:43.11 53/1 2 6 


* CQO Dd wm 
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[S888 4 4 
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ail n vie The table continued. 
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| 


9 


einne 5. e, d. c. d.] e, d.] e. d. 
[241[3.55|w-n[w.n[w n. c., d. c. d. 
2 10 2 3 3 84 18. n. w. n. W. n. 
2 82 272 56 3 41 5 2117 32] . n. 
1774 2 433 2611 38011 14/10 328 38 
1226 . 44 3 — 9 3ol 7 4616 n. 


y 5 


TE 


3 


7 
8 S RRR. 


2 9 


2 The avilight has hiidleito/bers:confdered:cnly as * Oy by the 
Frhe ſon himſelf reflected to us; but, beſides this, the body of the ſun 
wich a ſphere of light, which is either the ether that imme- 
diately furrounds him heated to ſuch a degree as to become luminous, or th! 
Fox's al moſphere,” conſiſting of fiery particles emitted from his body, but re- 


Wide Bear him by attraction: this, being of larger dimenſions than the ſun, 
. uſt riſeHefore him, and {et after him; and conſeq uently lengthens the twi- 
e e 


ting our air, when the ſan * tos bow a depreſſion to 


8 reach ir with his own light: this is alſo the cauſe that the riſing ſun is pre- 


4 which the a 


ceded by a luminous ſegment of a circle, in the caſt, different from the light 
reflects from the body of the ſun: the like to this may 


| be'obſervedim the well, juſt after ſun - ſet. Grey. aſtr. book 2 prop. 8. 


570 The height of the atmoſphere, that is of ſuch parts of it as are denſe 


: enough to refle&& che fan's lighr, may be determined, by knowing at how 
low a depreſſion of the ſun the twilight begins or ends: v. Ricciol. almageſi. l. 


8 c. 31. ſuppoſing chat depreſſion of the ſun to be 187, the height of the atmo- 
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ſphere is about 40 miles. C jb is of opinion that, in ſertling the durati - F16. 
on of ti twilight, aſtronomers kae made it too long; by miſtalling for 


part of it a light hich a0 
cliptice: he aſſerts the depreſſion 
and end of the ene he te 


0 un in his progreſs 4 the'e- 


1 lat the beginning off 
': the height of 


764 "There are ihre ige n hor * ben 3 
1 a ray from any of the heavenly bodies when they ate 1 in the horizon falls 
wich the greateſt obliquity upon the ſpherical lurtzce: of che atmoſphere; 2 
an horizontal ray paſſes through the thi e chrough the 


ſt ſpace of thick va chus, fig. 54, from a ſtar at 2 in 64 
large bach e yy 


the zenith paſſes only throu 
coming from a tar at u in the horizon. 
atmoſphere, which is almoſt 14. times as. 


te Beg 


ere, whereas a tay 


8 23 the line BA: this exceſs 


of © A above B A is not repreſerited in any tolerable, proportion in the dei 


nor indeed can be; becauſe in ſo ſmall a n 
bited n enovgh for the atmoſphere. 


84 


Ke 7 ine c a of, the 


MpAtmoſphere _ 
: and it ſhould Teen that this _ 


765, The great length which an horizontal ESE oes through, Re S228 : 
is the reaſon that the ee ſtars are ſometimes indie near the horizan; aud 
o 


chat the ſun 5 ked upon without hurting our eyes at cifing 1 aa 
ting; becauſe le of his light is rofle&ed backs, ſun near the horizo 


looks red, becauſe the red - making rays which are leaſt refrangible.are ala 


leaſt reflexible; and therefore paſs in the greateſt quantity. wy ough thoſe.ya- 


pours by ide particles of which the wg f the fan's light is reflected back a; 


* chis it does a lietle in 20 


gain into the erher. 

766 In 5 75% J ſaid refraction ah 5 
every place, bur tear elther 6f the es this oft of Bon is very | 
Gentle ; auling the ſun to appear Be day ) "Bare th Lon, a 


hs of char excraordinaty ' reftaQtion, ounting to ſeve <6S, 
gave ſome Hollanders, who .wintered A 15 be 50 in dan bla, 
latitude 88 « fight of the ſun 17 days ſooner than by the 8 

to have appeared ic hem! fore have thought, chat the Hollanders 1 
oned cher their Jtitude or their mart but their accounrappearsg00 aeay= A 
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| Fr6. rate to admit of ſuch a ſuſpicion: the cauſe of ſo great a refraction was pro- 


bably the very great condenſation of the air, in that extreamly cold region, 
OI three months continuance. Kepd. aftr. opt. p. 138. 


71 hey ; , Remarks upon F 763. 


bg , In he den Gus tc Aro be the earth, the poinued circle fur- 
rounding it the outward ſurface of the atmoſphere, the height of which p 
is to be found: let A be the place of an obſerver, ho his ſenſible, o his ra- 
tional horizon: let 1 K L M be the ſun, 26 the ſhadow of the earth, 1B a 
| ray from the upper edge of the ſun, touching the earth in x, and falling up- 
on the oatward' furface of the atmoſphere at's, from whence it is reflected 
to che eye of the obſerver at 4, in the line of his ſenſible horizon » A; the 
fun; being larger than the earth, illuminates a little more than an hemiſphere 
; | theres repreſented by the arc x V G, which is 180* 32, Whoſe hatf E y is 
90˙ 16, as is alſo the angle x © s: oc is the ſun's depreſſion, which is 18* 
| by obſervation, this being taken from x cs leaves E co 72” 16: now ſince 
1 by the definition of the horizon, is go", ac complement to x co 
5 17 44: and the half of A CE vis. cat is 8* 52: here then is 4 right- 
- aligled triangle n A c, with one acute angle Bc A and one fide ac known; and 
therefore; by g 143, the ratio of any one fide to any other may be found. If 
AC, be radius nc will be the ſecant of the angle n SA of 8* 52, fay 
as I 296000" to 10120948, ſo is 3c Br repos flag e 
in the 'tarth's ſemidiamerer to a fou oy HOES HAN 6 
of the at- 


tmoſphere; from which take the carth's' ſemidiameter 3967 miles, che re- 
mainder 48 miles is the heighr of the atmoſphere above the ſurface of the 
earth. In this calculation no allowance is made for refraction, which in the 
horizon is about 34, 16 much therefore muſt the angle » c A be diminiſhed, 


55 > Thibaghes 3's rant xx water ae pu towwo right ghee iy) Bud: L 1 prop. 13; ucr 
muſt therefore exceed eee eee 

1 angle as n amounts to, 5 55, that is as muchas the 

dnn ef the fun 1 x viewed from = the vertex of the cone of the carths ſhadow would be: the ſhadow 

eee eee eee eee which diſtance from the earth is in 

1 — re 
fan's ſemidiamieter viewed from n the ſame as we CEN PPE br 

ar the ie middle diftance 16“; therefore x c F is 90 11 


 blervadion 
74 1 »x c ace right angled by 5 28, the ſides u band; x c are equal by 5 25, the 


65 nom in boch, whoſe quare is equal to the n 


ſquares 18 and A e R 5, but A e ind xc EI 
. HIT! ep ite to ng i negate 


dual: fo that the triangles wt c and » a © are mutually cular, ud hee manlly ung 
this 
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E 


pr . 


of which the ſun is placed, has been explained, book 2 chap./7;* one:conſe- 


| 

| 

quence of this is, chat the ſuns apparent annuil motion is che ſame ns if he | 

were carried round the earth in un ellipſis, in one of the fotuſes of which 

the earth were placed. As we call the point of the tatth s elliptie orbit where 
ſhe is fartheſt from the ſun her aphelion, ſo we call the point ĩn che ecliptic 

wherein the ſun thenuppears the ſun's apogee; becauſe he is then fartheſt from 

the earth: in like manner, when the earth is in her perihelion or neareſt ; 

to the ſun, we call the point of the ecliptic wherein the ſun chewy appears ; | 

| 

| 


the funs ferigee;" becauſe he is then at his leaſt diſtance from tlie earth: it is 
eaſy to ſte that the ſun's apogee is oppoſite to che earth'd aphelion;/ and the 
ſun's: perigee oppoſite to the earth's perihelion. As the longitade of the-fun's 
apogee is reckoned from the point v, 5 661, it muſt inereaſe 50 in a er; 
becauſe r... backwards: ooograry-vouthe uxdernf ah 
ſigus, as was ſaid 5 657 The: Place. of the ſums apogee is this preſent year 
740 in g a? of e dhe place: of his pariges in f Ref ©) the: fun is 
therefore, in apogee in june; in perigee in december: thus it appears that the 
ſun is nearer the earth in our winter than in out ſummer. The ſun being 
nearer to the earth in winter than in ſummer, it may ſeem ſtrange: to ſome 
perſons that the winter ſhould be colder. hoe cha ſnot PO of this 
an enquired into. EA TH e413 14 ie A 5 Ma. 2 3 
40 One pe; the heat of ie un being greater ne Colm 
in winter is, his having chen 8, Retet altirude above; out borirons % 
chat his rays fall nearer. to a perpendicular upon thoſe parts of the earth, 
which are round about us: we may conſider the heating particles chat come 
from the ſun as an innumerable multitude oi inconceivabiy lictie balls, ant | 
e c Nos every way: if they cauſe heat inthe bodieaapan I 
which they alen e e cheir ſurfaces, the een 
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F6. ſtrike upon then, the greater is the] fotee: of the percuſſion; and the more 
intenſe will the hh on the other hand, the — they fall up- 
on the ſurfaces of bodies, the weaker is the ſtroke; and the leſs the heat cau- 
ſed thereby. See the remarks 98 777. 3 


e Another, reaſon why any, body is leſs heated the more obliquely the 
| heating particles fall upos its ſur face is, that they are the more thinly: ſpread 
66 rf. ir obliquity: thus, let a ne p be an hole of a foot ſquare in a 
ſo as to receive the ſun's-rays perpendicular upon it; if a plane 
| ada board, near it and parallel to it, ſo 
as to tetmive the gays coming through the hole perpendicular alſo, they will 
cover an a «foot ſquare, as abc da if che plans he held obliquely to the 
rays; they: will.coyer an area of the ſame þreadth as before, but of a great- 
er lengihi ſuppoſi the plane to be held ſani to receive the rays: with ſuch o- 
bliquity char they ſhall cover an area one ſoot in breadth, and two feet in 
length it: this caſe it is manifeſt the heating particles :ſalling upon an area 
twice as large: muſt; be ſpreadi proportiunably chinner thereon; and conſe- 
quengly: they! will eanſe but half ſo much heat. OG fry He ww tu h ©: 
1% Another geaſon whyithe: weather is hotter in ſummer than in winter 
is this, that deał is not produced in bedies by the ſun inftancancouſly, or all 
at onen nor do the. effe@ts. of the heat of the ſun ceaſe) immedi 


| Soni e + int ee che eee ar bh 42th 
of the ſuit the hoctertit grows; and the hotter any body is reve ph 
cooling: now! ſummer there are more hours in che day for the ſun to heat 
the earth in} chan the night has to cool it again]; in the winter, on the contra- 
Li on es long, and the days ſhort: ah this will account for a good 
of the diffeitgce as 20 heat and cbid betweewthoſerrive ſeaſons, | | 
772 Since the heating power of the ſun is greateſt when his rays fall moſt 
re eee 7069. 5 and hen che days are lontzeſt, 5 777, it may 
thar che hotteſt weather ought to be about the 10th'of june, when 

| 2 in che tropic of eanter: for then the ſun comes neateſt to our ze- 

nich and continues the longeſt above our horizon: but we find by experience 
car wur greareſt beate are generülly above u month k ſter this, about the end 
e, nes alte ſun's alritads/ls f little diminiſhed,” and che days ſenſibly 
wened: chis time is called ae d- dayr, becauſe the dog - Rar, the largeſt 
and teſt ſtar in the firmament, riſing with the ſun at that time, was by 
moſt of rhe ancients believed: o be the cauſe of the extraordinary heats of 


3 with better judgement, * 
riſing 
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CHAP-14- ASTRON'OMY 
riſing only pointed out the time of the year when the wea 
teſt. I ſhall treat farther of the dog-days hereafter. N 5214 
773 To find the true cauſe of this, we muſt remember N 0 $ +71, 
that the earth is not heated by the ſun inſtantaneouſly, nor is it 2 25 all 
opoe: hut the heating particles ſtreaming from the ſun fall 3 9 
any ſolid body, or penetrate into its pores; in a continual ſucceſſion ay 
crefore every moment an addition is made to the heat before: excited: | 
addition is made, by the heating particles ooming on faſter than they fly off, 
or than their heating power is deſtroyed; or by theit ooutinuing to Fonda 
nicate farther: ber det fan vo metſon to the 1 agitated particles of the heat - 
ed body t perhaps it. In che abſence 


5 . becauſe ſome of the 
back: others are abſorbed i into the 


of the ſun, the heat of the earth 
ee off, ane el 


pale phos pr place 

RE Wy i again 

o that time, their heat pill con- 

＋x2ZVHu 

dition * 2 quantity of heat than is loſt in the night immediately pre · 

I ough the additions are every ds leſs and leſs; this is uſually for 
a 821 


Aer che longeſt day, From the foregoing reafoping; we 
ſee alſd e 


chough the ſun be then higheſt; but about two hours after. 

774 When I ſpeak of the heating particles ſtreaming from the ſun, Tknow 
that ſome imagin fire to be a ſubtle matter, diffuſed through the univerſe; and 
that the action of the ſun upon it bauſes che heat which We fer ĩm fun Ane: 
I have no-occaſion to enter into this eoniioverſy, the force of the Ni wilt B& 


greater the higher hel is, and the longer he is above our horizon; Whale N 


pours upon us heating particles chrowis off fromm his owe body; br ny ifrifietts 
the particles of fire diffuſed through our a. Gr? 73 5 rr N Nn EL unn 
775 The ſun's apparent diameter is greater the nearer be it te, the 


n leaſt in june; by ee 1 
oth d 


che year: it i. taken from 60 u fem, Green 
down Weine month in old 258 % « 1 0 vat. ru et, 
P. 22, & Flamſteed. biftor. e i dares $36 56158 e Nayqt Sh 154} 
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n 32 24 
* * 2 30 
ee 3% 34 
Feb. 9 30 4 32 36 
2255 105 3 8 129 32 33 
1888 * * of 18 lt Job 1 n : 29 32 42 
4 1 55 735 Ng” 9 32 | ö 9 32 44 
+ 35 1* hes 9 432 6518 12116 — 19 3² 44 | 
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776 In comp gs N pc i ch 0 10 e 
15 is « As rt ho Hala of his w +: is called fun's 
os; and is either the he mean e Th ts moon ome is his 
e e oe Bon rpg A HR Lt en li 
E computed by making ee 


e motion: 
dus mqtion being ſometimes ſwifter ſometimes lower than his 
mean motion; e e we muſt 


— fornetitncs/aild ro bis mean motion, and 1 grip ho: 
eee 1414 ure ws S900 


Nenn Oe as ſ * Wilen elt Yerb® ent ie ny 0 TRY hl 
Nen 8 r Ain mee ges; 76% e n, 
*; rin 4 tet ii 2 37 H eint ate en 
1 85 w | bodjes ftrike-ut cn aqud hewakbar ic at. 
———— chair ſtrokes will — angle 
(qe ds ri cr whote Sno l the great of all ch inc, and therefore a 
| perpendiqulariftroke is the ſtrongeſt; and the ſtrength of any oblique ſtroke, 
— decreaſes in the fame ratio as the fine of the angle does: the 
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err height of the fun-a2 the ſummer ſolſtice inwith ws ac Cambridge 61 
29 ; his e A PN 14 27 n the ſine of 615 1 i 8770 58, 
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motion is ae according to his diſtance his apogee 3 for it is ſlowelt 
bogs, wh . and mean at his mean diftances from Ce N 
9 apple the latitude $529 100% as found late odleryations; that in the table 5 331 
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the fine of 14 21 i8/24784453 the ſun's heat then at noo at the ſummer" ſol- 
ſtice is to his heat at Hoon Nr Fan __ as eqs: is. 
is 3 nearly as 100 to 28. 5 
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7 Wo kavy heady foes, Sar wavy of che weder vl hay Ha 5 
dies are not equable; we may however reaſonably ſuppoſe the rotation of 
the earth round her axis to be equable: no diſcovery having been hitherto 
made to the contrary. Kepler® imagined the earth's rotation was quicker in 
her perihelion than in her aphelion; this opinion was owing partly to his 
believing the ſun's rotation round his axis to be the cauſe" of the rotation of 
the earth, and partly to ſome irregularities in the motions of the mobn; which 
he could not otherwiſe account for: but- theſe irregularities will-appear to 
belong to the moon herſelf, when we come to treat of r ee Since 
Kepler's time, clocks have been brought to ſuch a degree. f p. on, by 
che inventions of Huygens, as to prove that the rotations of dle earth are all 


not every where of the ſame denſity, the attractions of the ſun and moon de 
not cauſe ſome. inequality in the rotation of the earth; ſo as to acelerate it 
when ſome parts of the earth are coming towards the ſun or moon: and retard 
it when they are turning from them. Hoał e ſeems to have thought he had 
diſcovered ſome inequality in the diurnal motion of the earth; but refers the 
matter to farther experiments, to be made by obſerving with an accurate 
clock, whether ſtars, when very near che zenith, and ly out of 
the reach of ſenſible refraction, go through equal ares of the parallel of their 
apparent diurnal motion in equal times, or not: if there be any ſuch-inequas 
liy it would, N r a r of the ſtars 
cxaQly by their tranſies. Hoa ee eee 
779 From che equidiliy of the — earch it follows, chat the 
apparent diurnal motion of che heaven is equable alſo: this motion there- 
fore, which is  called-the motion of the primum mobile, and is 


made in he plane of-the-equator and circles parallel to it, is very oper k Tor 
e rn en | gk 
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« ſtandard; by which other motions in the heaven may be:meafured: for this 
reaſon, and others that will appear in the ſequel, the celeſtial equator is of 
great account, in our enquiries into the places and motions of the heavenly 
bodies: that circle is ſuppoſed to be divided into 360 degrees, beginning at 
the point Y, or the point of the vernal equinox, proceeding round accord- 
ing to che order of the denn Were to be ſubdivided i into minutes 
and ſeconds, &. 
780 We may i Imagine « ſecondary of Seer cede of eden 
to be dran through any point of the equator: the principal ſecondaries of 
Dec there one of which is drawn through the equi- 
noctial points Y and a, and called tbe eguinactial colure; the other is drawn 
through. the ſolſtitial points and 1, and called the ſolſtitial colure: the uſe 
of the colures is to mark out the four cardinal points of the ecliptic; at which 
when che {un arrives the four! ſeaſons of the year begin. Since the point v 
changes its place 5350 every year, the other cardinal points muſt alſo change 
their places as much; and y the colures alſo change their ſituati- 
ons in the ſphere of the heaven; and this change, though not ſenſible in a few 
years, becomes in a grrat number of years very conſiderable: thus the ſitua- 
tion of the colures, is found to be very different now from what it was 2000 
years ago. The colures have that name from the greek word xoAvs maimed, 
and wes «: tail; becauſe, in every place in north latitude, their lower parts 
| ee eee deſcribed 9 348, 1 
N ſo as neyer to be ſeen. Achilles Tatius cap 
781 The motion of the points, ebe F657, is called tl 
preteſidn of the reuiniere hy becuaſe k is in antecedents, that is from a follow- 
ing gn towards a preceding one, as from aries towards piſces, &c: by ſome 
it is called the or going back of the equinoxes, becauſe it is contra- 
ry to the order of the ſigns: this retrograde motion, by carrying the equino- 
_ Sal points to nitet the ſun as he comes along the ecliptic in his apparent 
annual motion, males him arrive at them and cauſe the general equinoxes, 
Yor N — continued im- 
moveable: thus; the arc of regreſſion being 50 „ eee 
w ach in time ſooner than they otherwiſe would do. 
* Another conſequence of the preceſſion of the and what i 
1 in chis place is, that the celeſtial equator and its poles 
Wm 1 and therefore, 
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CHAP. 15. ASTRONOMY 267 
whenever we ſpeak of the diſtance of any ſtar from the equator oripoles, we 


muſt be underſtood to mean the equator and poles as they are fituated at the- 
time of the obſervation: but, the change now mentioned is ſo very flow, that, 


in moſt caſes of common uſe, we may conſider the equator and poles as if 


for a ſmall number of years they continued immoveably the ſame. ' | | / 
783 The uſe of ſecondaries of the equator: is to ſhew the places of ſtars, 
or of any points in the heaven, in reſpect of the equator; in the ſame man- 


reaching, according to the order of the ſigns, from the point V to the point 
where the ecliptic is cut by a circle of latitude drawn through a ſtar is called 
the longitude of that ſtar; an arc of the equator reaching, according to the 


order of the ſigns, from the point Y to the point where the equator is eut by 
a circle of declination drawn through a ſtar is called the rigbt aſcenſom of that 


ſtar: thus we ſee that declination and right aſcenſion are the fame in 
of the equator, as latitude and longitude are in reſpe& of the eclifitic®, La- 


titude of ſtars has been treated of, & 646: longitude, $ 659: rs, 


\ 340: right aſcenſion only remains to be farther 
| . F 
aſlern part of the horizon, and conſequently riſes at the fame time with a 


ing from 
order of the figns, is contained between the point y and the point of the 
equator that riſes with pon rey he een 


ot the f oblique. 
e ee, 


point of the equator, than to an arc of it which is terminated at one end 


by that point: eee e eee 


terms of art as we find them. 
785 The right aſcenſion 


ner as the ſecondaries of the ecliptic ſhew their places in reſpect of the eclip- 
tic: the arc of a ſecondary of the ecliptic, or circle of latitude, contained be- ; 
——— Ct called the latitude of that ſtar; the arc of a 
ſecondary of the equator, or cirele of declination, contained between a ſtar 
and the equator is called the declination of that ſtar: an are of the ecliptic 


ſtar, they fa che aſcenſion of a ſtar is an arc of the'equator which; proceed- ü 
— — or the point of the vernal equinox, according to the . 


of ſpeaking, e 64.29 2-4 
p. 240, obſerves: eee be 
tranſlated coaſcenſion and codeſcenfion, are more properly applicable to a 


Af + mur ie bn 270 ö Me equator which, proceeds 
7 reaches fen he pon „ 1 0 
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Fro. of the vernal equinox; to the point of the equator that riſes with the ſtar in 
67 a right ſpheres let fig. 67 be a projection or picture of the eaſtern half of the 


0A defi of right ace in $793, — «gags 


concave ſphere of the heaven, let ꝝx Q be the equator; s N the horizon, which, 
in a right ſphere as is here drawn, is cut by the equator at right angles, by 
§ 346; let & be the arctic, s the antarctic pole, which in a right ſphere are 
in the plane of the horizon; the curves n As, BS, &c, and the ſtrait line 
S are projections of ſemicircles of deelination: now if we imagin the 
ſphere to move upon the poles xs according to the order of of the letters a 
Cn, a ſtar at p or at E or any point in the ſemicircle of declination vp 
comes to the horizon and riſes above it at the ſame time with the point 7; 
and therefore we ſay its right aſcenſion is o: a ſtar at r or G or any point in 
the ſemicircle of declination Gs riſes at che ſame time with the point c, 
and its right aſcenſion. is the arc ve, or ſo many degrees minutes and ſeconds 
as that arc contains: rennen pet and 
its right aſcenſion is the arc Y B, &c. 

786 The term right aſcenfion is taken from a right ſpheres, as-is alſo the 
common definition of it given 9 785: but we are not therefore neceſlitated 
eee eee 
dies; they may be obſerved in any place, by an inſtrument fixed in the plane 
of the meridian, as deſcribed $ 408, and a good clock, to obſerve the times 
of their tranfits:, ſee 9 409. Tyre Linea. the, pane of every meridian 2 


plane of the horizon: extended paſſes alſo through, the. poles, it follows, * 
P een 
, thus, fig, 6, che plane of the meridian, x As is coincident with the 
horizon of the place under the line which, in the ſituation of the heaven 
here repreſented, has x for its zenith: for this reaſon, the point of the equa- 
tor which. comes to the plane of any pt: eee ge with a ſtar 
N r eee renn & 
787 It is true, the point e eee un 
„ heetnre-che-righe aſcenſions of ſtars, which muſt be reck- 
oned from v, cannot be found directly and immediately; but they may by 
the help of the ſun; becauſe the theory of his motion is ſo well aſcertained, 
that his place in the ecliptic at any time is eaſily known, from whence his 
en be calculated; mne. che right aſcenſion of 


| — it aGenfion in a right ſphere. 15 1 


— poles "when ang ane point of 2 ſecondaiy of the equator is in the plane of 
the meridian, every TT and therefore the 
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any ſtar may be thus found by obſervation: let the motion of a clock be ſo ad- 
juſted that the hand may go round the 24 hours exactly in the time of a ro- 
tation of the earth, that is, in the time which paſſes between any fart ſtar lea- 
ving the plane of che meridian and retuning to it again: ſet the hand of the 
clock thus regulated at 12 when the ſun is in the meridian; obſerve the hour 
minute and ſecond when the fixt ſtar whoſe right aſcenſion is required comes 
to the meridian; and the intermediate time, turned, by the table 5̊ 316, into 

ees minutes and ſeconds of the equator, is the difference between the 
right aſcenſions of that ſtar and of the ſun when before obſerved in the me- 
ridian: add to this difference the right aſcenſion of the ſun at that time, and 
you have the right aſcenſion of the ſtar: thus, this preſent year 1740, june 
the firſt at noon, the right aſcenſion of the ſun is Bo" 54 53", Arcturus comes 
to the meridian. at gh 40 16 in the evening, this turned into degrees mi- 
nutes and ſeconds is 130 4 O, which added to the right aſcenſion of tbe 
fun gives the right aſcenfion of Arcturus 210% 58 F;. 

If the hour circle of a clock be divided into 3605, and, when che fun is in 
* meridian, the hands be ſer at the degree minute and ſecond which mark 
the right aſcenſion of the ſun; they will, when a ſtar comes to the meridian, | 
point out its right aſcenſion directly, without the trouble of reducing time to 

minutes and ſeconds of the equator. 

788 The foregoing ſection ſhewys how to find the right aſcenſion of a far, 
* the time of its tranſit; the converſe of this is 70 find the tame of the woke. 
by obſerving the tranſit of a ſtar whole right aſcenſion is known: this is done 
by turning the arc of difference between the right aſcenſions of the ſun and 
the ſtar into time: thus, I find by an  ephemeris, that june the firſt 1740, 
the right aſcenſion of the ſun is 90 54 53, the right aſcenfion of Arcturus: 
210 58':53", the difference 130* 4 O, the time anſwering to 130 4 
is 8h 40 16": ſo much then does Arcturus come to the meridian after the 
ſun*, The time of the night may alſo be found by the height of a ſtar whoſe 
right aſcenſion and declination is known, if we have firit the latitude of the 
place of obſervation: but this requires trigonometrical calculation. By either 
of theſe methods a clock may be corrected. The latitude of the place where 
we are may be found by the meridian altitude of a ſtar whoſe declination is 
known; or of the ſun, if his declination. be known for the time of obſerya- 
tion; ſee $.411 to 415. This is of ule at ſea, ſee 5 568, —We hape in ſome 
almanacks a table of the declination of the ſun, for every day of the year: and 
a table of the right aſcenfions and declinations of the principal” ftars; which, 
will ſerve, for the uſe of ſailors; for ſeyeral years, without ſenſible error. 


| © The time uſed '$, 787, 788, &-789, is {ydereal time, which I ſhall ſhew/ hoh to reduce dis cho 


Fic. 
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789 The difference of right afrenfions of two flars is fond, by turning the 


time between their coming to the meridian into degrees minutes and ſeconds 


67 of the equaror, by the rableF 316: thus, fig. 67, if the ſtar 3 comes two hours 


ole 


later to the meridian than the ſtar c, the difference of their right aſcenſions 
is 300 and ſo much does the right aſcenſion of 3 exceed that of c. It is ea- 
ſy to ſee, that all ſtars in the ſame ſemicircle of declination come to the meri- 
dian-at the ſame time; and conſequently have the fame right aſcenſion. The 
right deſcenfion of a ſtar is the ſame with its right aſcenſion; for, in a right 


ſphere, the ſame point of the equator that riſes with a tar ſets with it alſo. 


790 Oblique aſcenſion of a ſtar is an arc of the equator reaching, according 


to the order of the figns, from the point v to the point of the equator which 


riſes with the ſtar, in an oblique ſphere: the difference between the right and 
oblique aſcenſion of a ſtar is called its aſcenfional difference. Oblique aſcenſi- 
on and afcenfional difference are relative to ſome given latitude: for the far- 
ther any place is removed from a right ſphere, the greater is the aſcenſional 
difference of any ſtar in that place. Oblique deſcenfion of a ſtar is an arc of 
the equator reaching, according to mes wl of the ſigns, from Y to the point 
that ſets with the ftar, in an oblique ſphere: oblique deſcenſion is alſo rela- 


dive to ſome latitude, in the ſame manner as oblique aſcenſion is. 'T he 0- 


blique aſcenſion or deſcenfion' of a ſtar may be found by calculation, for any 


place, if the latitude of the place and the right aſcenſion and declination of 
the ſtar be firſt known. i 


791 We have in ſome books of aſtronomy tables of oblique aſcenfions for 
the ſeveral degrees of the ecliptic, for ſeveral latitudes a: by means of theſe, 
fince the ſun's place in the ecliptic is known for every day in the year, we may 


find what his oblique aſcenſion is, any day of the year, in any of the lati- 


cudes for which the tables are made: ſome authors give us alſo tables of a- 


ſeenſfonal differences: The arc of aſcenſional difference of the fun for any 


day of the year in a given latitude, turned into time, ſhews, for that latitude, 
how many hours and minutes before or after fix the fun riſes that day: the 
ſame arc, turned into time, ſhews alſo, for the ſame day and latitude, how ma- 


ny hours and minutes before or after fix the ſun ſets: it is eaſy from hence 


ro find the length of the artificial day, chat is, how many hours and minutes 
the ſun is above che horizon; and if this time be taken from the natural day 
of 24 houts, the remainder is the length of the night: but this is ſpeaking a- 
ſtronomically,. without regard to reffaction; for chat lengthens the day and 
thonens the night, as was before obſerved, $757. 
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792 The right aſcenſions and declinations of the ſtars being known, their 


longitudes and latitudes may be found by calculation; and converſely, their 
longitudes and latitudes being known, their right aſcenſions and declinations 


may be found by calculation, In order to make a catalogue of the ftars, their 

right aſcenſions and declinations are found by obſervations made with pro- 
per inſtruments; and from thence their longitudes and latitudes are calcula- 

IO eee The places of ſtars are ſet don in the 

catalogues according to their longitudes and latitudes, rather than according 


to their right aſcenſions and declinations; becauſe their latitudes continue in- 


variably the ſame, and their longitudes change regularly, at the rate of 50 
in a year, ſee & 607, and 657, ſo that the longitude of any ſtar is eaſily found 


for any year paſt: preſent or to come, by any catalogue: whereas both the 
right aſcenſions and declinations of ſtars are, by the preceſſion of the equinoc- 


tial points altering the ſituation of the celeſtial equator, 


changed every year 
a little, and that irregularly; dd 


but greater in ſome than in others, nem 
in reſpect of the ecliptic and the equator. 

793 When I ſay the latitudes f the ſtars are invariably, 1 i448; upon a fap- 
poſal that two poſitions are true, which are both controverted amongſt the 
aſtronomers: one of theſe is, that the ſtars are ſo fixed as to keep their places 
immoveably; the other, that the orbit of the carth continues unalterably in 
the ſame plane, and conſequently that the eclipric is invariable: as to the 
firſt of theſe poſitions, Ptolemy a has a chapter on purpoſe to prove that the 
ſtars are fixed, and for that end inſtances in a conſiderable number of ſtars 


which he found to lye in right lines with one another, or to form triangles 
and other figures, exactly in the ſame manner as Hipperchus had deſcribed 
them, above 260 years before him. Tychob not only found thoſe ſtars to keep 
their places in reſpect of one e but ſeveral others alſo to anſwer id ex- 


actly to that deſcription, that he declares it to be his opinion, that all the dif- 
ferences, which he found between the diſtances of ſome ſtars from one ans- 
ther, as they were obſerved by himſelf and as they are ſet down by the anci- 


ents, are owing, either to the inaccuracy of the obſervarions of the ancients, BED 
and the imperfections of their inſtruments; or to the miſtakes of tranſcribers, 


who, in ſome inſtances, have manifeſtly given us wrong numbers, and vety 
probably in many more. On the other hand, Dr. Haley has obſerved, chat 
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more ſonthetly than the ancients reckoned chem: chat this Aifference cannot 
ariſe from the errors of-tranſcribers; becauſe the declinations of theſe ſtars, 
ſet down by Pralemy, as obſerved by Timocharis, Hipparchus and himſelf, 
ſhew their latitudes given by him are ſuch as thoſe authors intended: that it 
is ſearot to believed, that thoſe three obſervers could be deceived in ſo plain a 
matter. To this he adds, that the bright ſtar in the ſhoulder of Orion has in 
Prolemꝑ almoſt a whole degree more fourherly-laticude than at preſent: that 
an ancient ohſervation, made A. D. 50g, at Athens, as Nullialdus ſuppoſes, of 
an appulſe of the moon to the Bull's eye, ſfie ys that ſtar to have bad leſs la- 
titude at that time than it now has: eee eee 
bſervations chat he found him 4 minutes and an half more northerly than 

he is at this time. All theſe obſervations, compared to ſeem to favour 
an opinion, that ſume of the lars have. a motion of their on, which chan- 
ges their places in the ſphere of the heaven: this change of place in the ſtars, 
if chere be any ſuch, may, as Dr. Halley obſerves, ſhew it ſelf in ſo long a 
time as 1800 years, £ it be entirely imperceptible in the ſpace of one 
ſingle century: and it is likely to be ſooneſt diſcovered in ſuch ſtars as thoſe 
Juſt now mentioned; becauſe they are all of. cha-ſinſt\raggaicude, ye) 
dre probably be lr: ofthe neareR a our fol rem. 

794 As to the ſecond poſition, that the ecliptic ix invariable, Helo⸗ being 
1 inſtances of ſtars whoſe latitudes he found to be different from what 
they were in Ptolemy's catalogue; and ſays that, according to his obſervatio 
the latitudes of the northern ſtars has increaſed, and the latitudes of the 
thern ſtars decreaſed; andi that this increaſe.and decreaſe of latitude is great- 
| er or leſß in different ſtarz, ing as they are nearer to or farther from 
the ſolſtitial colure. This would imply ſuch a change in tho plane of the 
_carth's Fee 
north pole, and the ſouthern parts to recede from che ſouth pole: Tycbo® in- 
_deed confelles, that his own obſeryations of ſome of the biggeſt ſtars, and par- 
_ticularly of che Ball's eye and Sirius, compared with the numbers of Prole- 
, were agaiadt this opinion of. che change of che ecliptic; but, to ſilence 
dus objection, he has recourſe. to the inacuracy of the ancient obſerva- 
tions, and the miſtakes of tranſcribers, Ricciolus takes notice that Tycho ſeems 
nn i ty, dai pin or reject them as fal 
ty, e a they favour, or ſtand e 2 about the change 
of the artradtion: of d. 


ae * . ITY . 


e 4 Th; A © * 3 2 { of 


* * $:3 4 . 5 » . 
w 4 4 »-$ Be j 


© fo 


> 1D » &Ww 


f c ode, iO 


being at ar the dire of doch obſervations very nearly in the fam | os 


CHAP Ag. AST&ONOMY. 273 


of which more in another place, we cannot chinkk it impoſſible that both the 
plane of the earth᷑s orbit, and the the reſt o $ ſhould be 
fubject to-ſome alterations; but that there has been an actual change in any 
of theſe, we canhot-reafonably conclude, without proof from obſeryations: | 
in this enquiry; there-are four. things to be conſidered in the orbit of very 
planet; 1 its excentricity; 2 the place of its àphłlion, 3 the Place, of its a- 


ſcending node, 4. che inclination. of its plane to 


of the other planets: it has been the opinion of many great aſtronomets a that 
all theſe continue iu variable in reſpect of the fixr ſtars: ſuùme aſſigu td the 
nodes and aphelia a very flow motion, but this opimon ſeems to. Nude been 
built upon ſome reconceived hypotheſis, rather than ee actual 9 

of ſuch bend: perky the aphelion of ſaturg'may be this 
remark} which, 5 to 1 , has a motion of ier Z NG in 4 
year, according to the order of the figns e; and the nodes of j jupiter, w 

the ſame author makes to go backwards at the rate of abour 4% is a 

As to the planes of chie 7 orbits, we have no obſervations to hi x that 
any of then was ever. inclined to the reſt in a different angle from what it is 
at preſent: the change of latitude of ſome ſtars ſuppoſed by Hebe does 1 not 
appear to be made out clearly enough to conclude from thence any! change 
of the plane of the ecliptic: on the other hand, two 'occuliations 7 
lame ſtat by the planet mats, wich a ſpace of 1934 years between, the & 


orbir, inake jt extreainly, probable that the planes of both the orbit of 
„ 
terv n 

795 For the excentricities of the orbits of the planets ſee g 670 and 669; 

aphelia and perihelia are marked in the 11th figure, by the legers-4 | 

and p. The indlifiacions'6f the planetary orbits to the plane of the cliptic 
here bien he e © 828; an together with their aſcend 
ing nodes, : are ſhewed m the 24th "figure, explained 5 651: 1 ſhall now fer. 
them down to a greater exactneſs, with the place of the aphelion and aſcend- : 
ing node of euch planet, for the year 1700; they are all taken from the ta- 
bes of De, lo Hire, exceptthols. oy 1 in N e mY wr 
rae gene of De Halley * | 
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» Mas 16. WHETHER: ANY OF. THE STARS CHANGE. THEIR PLACES 
on NOT: THE OBLIQUITY , OF THE, ECLIPTIC VARIABLE. 


vid The ue of $7 93 in the foregoing chapter is of fo « curious a n- 
ture, chat 1 thought it A700 deſerve a farther diſcuſſion, if we could find ma- 
terials for it; if the diſtances of ſeveral ſtars from one another were at any 
time to be taken exactly, and, after a conſiderable number of years, the ſame 
r d. cler Le meaſured again, it ſeems to be a likely way 
cover whether the ſtars ſo obſerved change their places or not: the an- 
cients have given us nothing of this kind; Fochenand the Pronce of Heſſe d were 
the firſt who left us any di taken with good inſtruments, and their ac- 
counts agree ſo well „as to give us reaſon to believe they are as er- 
act as could be from plain fights. I have compared a great number 
of their diſtances, particularly thoſe of the brighteſt ſtars, with. obſervations 
of the ſame diftances taken by later aſtronomers, eſpecially Heveliuse and 
Flamſteeda, and can find no ſuch change in any of them as will ſhew that ei- 
ther Capella, Lyra, the Bull's eye, n at of Orion, 
the Lyon's heart, Spica 1, or Sirius have, in the interval of time between 
the ddcrvations of ycbo and Flamſteed, which is about 100 years, . out 
of their Places: but in Arcturus the caſe at firſt appeared to be different; He- 
velzus ſets down the diſtance of that ſtar from Lyra 4 rn 
obſerved it, 72 years before him; and Flanfer; 22, years after, meaſured 
the diſtance between the fame two ſtars x. greater than Hevelius found 
it; ſo that, if Lyra ſtood ſtill all che while, there was an appearance of Arc 
turus having gone 7 out of his place in 100 years: it ſeemed ſome confir- 
mation of this motion of Arcturus, that Flamfteet found his diſtance from 
the head of Hercules 3 greater than it is ſet down by the Prince of Heſe 
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and that his diſtance from the Lyon's tail was a lands demande gin 
theſe obſervations conſiſtent with one another, Arcturus muſt haue gone al- 
moſt directly towards the ecliptic, ſo a5't0 decreaſe his ltirude about f rand 
indeed his lacitude in Flamſteed's catalogue is 5 f leſs than in that of Tycho: 
thus far every thing favoured the opinion of Arcturus having a motion al- 
moſt directly towards the ecliptic; upon this, I conſidered ſeveral other ſtars 
to the north of Arcturus, from which he muſt have gron more diſtant, if 
he had really had any ſuch motion; and ſeveral ſtars to the ſouth of him, to 
which ſuch a motion would have made him approach nearer: the diſtances 
of Arcturus from theſe ſtars being calculated from their longitudes and lati- 
tudes in the different catalogues of Tycho, the Prince of Heſſe, Hevelius and 
Flamſteed, I found that very few of them agteed writh the ſuppoſed motion 
of Arcturus, but that the greateſt part of them came out ſuch as ſhewed 
he had kept his place; for I ſeldom found the difference of the diſtances com- 
puted from che ſeveral catalogues to exceed 2, and theſe differences fell out 
ſo, that they could not all be true; fince from ſome of them Arcturus appear- 
ed to have gone towards the ſouth, and from others towards the north: ſo 
that, upon the whole, after a pretty long and careful enquiry, I am inelined 
to think the fars leep their places immoveably, and this will appear the more 
probable, if we conſider the fixt ſtars as ſo many ſuns: ſee q; 625. 

eee e 
of the ecliptic be variable or not; that is, whether the angle between 
the planes of the ecliptic and equator, mentioned 5 733,” continues always 


unchangeably che ſame, or is ſubject to alteration: it is alſo diſ 


puted am 

thoſe writers; ho hold it liable to change, —— 
or irregular. It is certain chat the obliquity of the ecliptic is at preſent found 
to be above a third part of a degree leſs than Ptolemy has given it us: if we 
enter into a detail of all the obſervations of it which were made from Ptole- 
my's time down to Tyabo, we ſhall: find that later obſervers have 

Goa 44466 ahin the eee e eee eee 
the caſe: for there are ſome inſtances where, on the contrary, later obſer- 
vations have made it a few minutes greater than ſome preceding ones. They 
who will have the obliquity of the ecliptic to have been always che ſame 
that it is at preſent get rid of all theſe difſiculties, by throwing upon the in- 
accuracy of the obſervations of the ancients, and the i of their in- 
ſtruments, all che dienen theses ne A berwenr Went und e 
in this affair: others think this is treating the ancients with too lirtle reſpect; 
for, though it appears by Ptolemy that they did not pretend to obſerve more 
wech than eo A 6th par of a degree 6 * 
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have any acedunt of them, fall far ſhort-of:thoſe made uſe of by the moderns; 
yet it can hartily be imagined they cod be ſo greatly miſtaken in a matter 
ſo eaſy to be known, and ſo well deſerving their attention. As for thoſe 
who ſuppoſe that the obliquiry of the ecliptic is ſubject to a ſort of libration, 
increaſing in ſome ages and decreaſing in others, they certainly attribute a 
greater degret of eactneſs to the obſervations upon which they ground this 
fancy, than chere is any good reaſon to do. Some have thought that the o- 
bliquiry of the ecliptic has been always gradually decreaſing, the planes of 
the ecliptic and equator growing continually nearer to coincidence: this o- 


pinion; beſides its being grounded upon a compariſon of ancient and mo- 


dern obſervations; receives a good deal of ſupport from rage of 
the ſhape of the earth, as we ſhall ſee by and by, & 82. 

7098 The abliquity of the eee tropic 
from the cquator, which is the ſame with half the diſtance between the 
two tropics: the beſt way of finding it, becauſe leaſt liable to error from 
refraction, is to take the height of the ſun hen he is in the ſummer tropic; 
the height of the pole, and conſequently the complement thereof, the beight 
of the equator, being firſt known in the place of obſervation: this gives us 
the diſtance of the tropic from the equator directly. Fhere is another way 
of finding this; the only one made uſe of by the ancients; and that is, to ob- 
ſerve the meridian height of the ſun in each tropic: but then refraction muſt 
be taken into the account; for re fraction increaſes the meridian altitude of 
the ſun, when be is low in the winter ſolſtice, more than it does when he 
is high and mne out of the reach of vapours in the ſummier ſolſtice; thus the 
tropics art in appearance hraught nearer to one another by tefraction, in the 
fame manner as the upper and lower edge of the ſun's:diſk were ſhewn to be, 
9754 for want of being aware of this, the ancients meaſured the diſtance 
of the tropics: leſs than it really was: they fell alſo into another miſtake of 
ſuppoſing the iparallax*; af the ſun too great, which operated the ſame way, 
and diminiſhed alſo the diſtance between the tropics, and that about twice 
Tg eee e eg z theſe errors of the 
ancienta, of ſuppoſing a falſe parallax, and neglecting refraction, are no hin- 
drance to our making uſe of their obſervations, in this diſquiſition; becauſe 
we know what conſequences they draw after them, and can therefore tell 
how to make proper allowances ſor them: now upon the whole, after pro- 
per allowances, che obliquity of the ecliptic comes out from the obſervations 
of the ancients above a third part of a degree greater than the modern aſtro- 
nomers have ſound it. et eee eee Senncimrobleer:- 
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tions he could meet with, was of opinion that the obliquity of the ecliptic 
decreaſed at the rate of 1 in an hundred years, and from a great number of 
obſervations made by himſelf about the year 1711, ſer it down 237 28 34, 
which is half a minute leſs than Flamfteed and De la Hire made it: he goes 
ſtill farther and thinks he diſcovered it to be 5; ſeconds leſs in the year 1720 
chan he had obſerved it in the year 1714: but, notwithſtanding the great 
care with which his obſervations appear to have been made, it ſeems hardly 
credible that any one can, in an affair of this nature, be n bas trite 
ved to ſuch a degree of exactneſs as is here pretended, 

' Lowville, for the farther ſupport of his opinion, fetches angie from the 
times of fabulous antiquity, upon a preſumption however that fable has 
generally ſome truth for its foundation. He cites Herodotus as ſaying 
that the ancient Egyptians had a tradition among them, that the ecliptic 
had once been perpendicular to the equator; this is ſo odd a fancy, that he 
thinks it hard to imagin how it ſhould ever have come into their heads, ex- 
cept they had actually found by obſervation that thoſe two circles were grown 
nearer to one another than they had formerly been: if they had made ſuch a 
diſcovery, it was natural for them to ſuppoſe that there had been a time 
when the ecliptic and equator. were at the greateſt diſtance from coincidence 
that was poſſible; they might then ſer down what they had only thus ſup- 
poſed, as a fact which had been obſerved by them: bur this is all miſtake; 
Herodotus only ſays that the Egyptians affirmed the ſun, in the ſpace of 11340 
years, during the reigns of their ancient kings, to have altered his courſe four 
times, twice rifing where he then ſet and ſetting where he roſe b: which can- 
not be explained by the change of the obliquity; and ſeems to be only an i- 
dle amufing ſtory, invented to ſupport their vain pretenſions to antiquity; but 
fi to paſs only among: perſons ignorant of aſtronomy e. 

He goes on to tell us from Diodorvs Siculus, that the Chaldeans pretended to 
have aſtronomical obſervations of 403000 years before the time of Alexander 
the great: this extravagant account will have ſome foundation, if we allow the 
Chaldeans to have found out that the obliquity of the ecliptic diminiſhed at 
the rate juſt now mentioned, of one minute in 100 years; for, this being ſup- 
poſed, if we run back 402942 Chaldean years from the time of Alexander's 
entry into Babylon, we ſhall come to the time when the ecliptic and 
tor muſt have interſected each other at right angles: and this is hut 588 years 
ſhort of the time from which the Chaldeans pretended to . their firſt ob- 


2 Hiſtive 4 Acad. 888 I' . 1714 fur U equitoxe ds g intemps de 1114. Hiſtoire Adee ane 
1716. v. & nemoires pour I ann. 1721. b in Euterpe. See the remarks. 
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ſervations. It is remarked upon this occafion, that there cannot be given a 

more probable account of the fabulous antiquity of rhe Egyprians and Chal- 
deans than this, that, from obſerving ſome very flow motions in the heaven 
they calculated the periods of ſuch motions, and fixed upon ſome time when 
they ſuppoſed them to begin, and dated from thence the origin of the world, 
and of their own nation, which they were willing to have believed to be of 
equal antiquity with the world it ſelf: we have ſome thing like this fanciful 
way of reaſoning among ſome Chriſtian aſtronomers, who have been of opi- 
nion that the ſun's apogee was in the point V art the time of the creation, and 
pretend from thence to fix the ape of the world, which by that method 
comes out not many years different from the numbers in the tranſlation of 
the bible called the Jeptuagine. 

799 We are told“ that, notwithſtanding theſe reaſons of Lowville, the reſt 
of the rr — it 
was alledged by De la Hire, that Ptolemy thought the obliquity of the eclip- 
ric unchangeable; and that therefore in determining it he had leſs regard to 
dis own obſervations than to thoſe aſtronomers who preceded him, ys Hip- 
parchus and Eratofthbenes: that he was more attentive to the theory than to 
the practical part of aſtronomy; and more a mathematician than an obſerver; 
the credit of the 
ancients. In anſwer to this, it muſt be owned that paid ſuch a defe- 
rence to Hipparchus, whom he commends for his fidelity and indu- 
———ͤ ! Les dope meyer ym to it; but the 
—— here is not what was Prolenrys opinion in this matter, but what is 

reſult of his obſervations: which, as to this particular, appear to have been 
made with a good deal of care and exaQneſs. He deſcribes two inſtruments 
proper for that purpoſe, he recommends one of them as more commodious 
than the other; he tells us, he took meridian altitudes of the ſun, and that, 
from ſuch altitudes, and efj thoſe obſerved by him at many returns of 
the ſolſtices, he found the diſtance between the tropics to be 47 degrees and 
more than half bur leſs than three fourths of a degree; which he ſays is near- 
iy the ſame as Erazgftbenes had determined it, and Hipparchus had made uſe 
ofe. Now, according to them, if the ſolſticial colure be divided into 83 equal 
Te the diſtance berween' the tropics' contains 11 of thoſe parts: thus the 
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| 800 T here follow the greek text of Ptolemy, and his commentator Theon®, | 
who lived alſo at Alexandria: there are, in this and many other places, faults 
and omiſſions in the tranſlation of Trapezuntius, which it is evident De a 
Hire made uſe of, without conſulting the original: and this may be one rea- 
ſon of his having ſo mean an opinion of the above mentioned obſervations of 
Ptolemy; for who ever looks only into the latin tranſlation will imagin his 
quadrant with which he took the meridian altitudes of the ſun was divided 
only into 90 degrees; whereas it is manifeſt, by the greek, and by Theon's 
comment, that each degree was ſubdivided, though we are not told into 
how many parts: Theon ſays, into as many parts as poſſible; from Prolemy's 
determining the diſtance between the tropics, to have exceeded the number of 
whole degrees, more than half and leſs than three fourths, as above, I am ape 
to think each degree was divided at leaſt into 4 equal parts: and ſurely with 
ſuch an inſtrument a careful obſerver could not eaſily be miſtaken a quarter 
of a degree. But to give us an inſtance of Prolemy's want of accuracy, weare 
told that he ſertled the latitude of Alexandria, his own obſervatory, 13 leſs 
than Chazelles, who went thither on purpoſe i in the year 1700 with proper 
inſtruments, found it to be; and left it ſhould be thought this difference 
might ariſe from the ſituation of Alexandria being different now from what 
it was formerly, it is faid that the contrary to this appears from the ruins of 
the ancient buildings ſtill remaining ®: now in anſwer to this, not to mention 
that Greaves took the latitude of that place 7 leſs than Chazelles, and there- 
fore differed but & from Pfolemy, it may be remarked, that though it appears 
from Ptolemy's almageft, l. 1 c. 10, that he knew a much better way of obſer- 
ving the latitude than De /a Hire fancies he made uſe of, yet he might more 
nn ING 
between the tropics. - 

' Loi 1. bed thariPopar of Alexandrie*; ape yen ter Php, 
ee ſuch « ratio between ths diameters of th ecipuc and ofthe rtr 
2s brings out the obliquity of the ecliptic but 23 30, and it is concluded 
from hence that this was the well known meaſure of it in the time of Pap- 
pus, and that conſequently Ptolemy's meaſure muſt have been then found to 
be erroneous hy ſome later aſtronomers; ſince it is not likely it ſhould have 
decreaſed from 25. gr de 23. 36 in ſo Thorr 2 time: but this is an haſty con- 
cluſion, for Papp fays nothing of any obſervations of the obliquity, nor 
does his fübject lead lar e de hes ly occafion to prove that the dia- 
meter of the  eclipfe Was leſs than double e of the tropic; and, in 
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order to this, he aſſumes, that the diſtance between the centers of the eclip- 
tic and of the tropic is to the ſemidiameter of the tropic as 10 to 23: now 
theſe numbers are probably the ſame. as he would have made uſe of if he had 
acquieſced in Ptolemy's meaſure of the obliquity, being ſufficient for his pur- 
poſe, which did not require larger or more exact numbers; ſo that no conſe- 
quence can he drawn from hence of Pappus being of a different opinion from 
Ptolemy: but, to put the matter out of all doubt, we have extant great part of 
the comment of Pappus upon the 5th book of Ptolemy's almageſta, wherein 
he mentions. the ſame obſiquity of the ecliptic that Pfolemy made uſe of, 
23 51, without any hint of his diſſenting from it: this deſerves, the more 
to be taken notice of, becauſe not only De Ia Hire, but other writers alſo, lay 
2 great ſtreſs upon the r gt out of Pappus in the beginning of this 
ſection: add to this, that Theon®, who wrote after Pappus, and Procius cal- 
led Diadacbus e uſed the ſame. meaſure ; which the Alexandrian aſtrono- 
mers ſeem ſo long to have taken from Bretten, wichen wy an 
of its being ſubject to alteration. 
302 De la Hire obyrds farther againſt Prolemy's obſervations, tha he hat 
in many inſtances, given us the latitudes of ſtars above a quarter of a degree 
different from what they are now found to be: but theſe errors are eaſily ac- 
counted for, if we conſider that his obſervations of the ſtars were made with 
a zodiacal armills, an inſtrument that by its conſtruction muſt be liable to 
great errors; and accordingly we find that Tycho, having made ſuch an in- 
ſtrument at a great expence, was induced, after a little experience of it, to 
lay it aſide as uſeleſe: eee eee taken 
by Prolemy with a quadrant drawn upon a ſmooth ſtone, (marble I ſuppole) 
placed in the plane of the meridian, divided into degrees with thoſe degrees 
farther ſubdivided as has been ſaid: they who are for the immutability of the 
obliquity will alledge, that, though Tycho ſettles it 23? 3 30“, greater by 22 
than it is at preſent, ” Flamfteed, from the obſervations af Helo, after proper 
allowances, brings out che ſame obliquity as he does from his own obſerva- 
tions made 100 years after: in anſwer to this it may be. remarked, that, ac 
| cording, to the theory juſt now.mentioned, che obliguiy ought to deci 
but I in the time between Tycho and Flamfteed, and, it may very well be ſup- 
| N e ee miſtake 25 k as that; nay 
t, in his meridian altitudes. of the ſun taken the ſame day 
es there is often a difference {A ſome- 
fines of mor thy two minutes, Heben, if, calef. pm, 
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A TABLE OF THE OBLIQUITY OF THE ECLIPTIC., - 


Authors N Names. e Obliquity. 
L Fibre 320 23 49 23 
| Eratoſfthenes | 230 23 51 20 
Pula | after Chriſt | 5 4 
Pto | 140 23 4 1 
F | Almamon 832 23 35 55 | 
Albatennius ., $004. $367 *; 
F | Thebet 911 | 23 33 30 
F Abul Naß and Abu Hamed e 
F Perſian tables in Chryſecocca 1004 23 335“ 
F | Albatrumus 1007 23 35 be | 
F | Arzakel 1104 | 23. 33 30 5 
F | Almeon Ii 0 
FE Cbejab Naſfir Oddin 1290 | 23 30 
F Prophatius the Jew 1300 | 23 32 n Faun 
F | Ebn Shatir F Pan $2 
| Ulug Beigh 2039 Fagrgenrarht 7:5 
R Purbackzus and Regiomontanus 2460 23 8 
R | Waltherus 1-456; ,, $55 
R Vernerus i 1, , on +59 
| Copernicus + 1525 23 28 244 5 
R | Egnatio Danti _ L090 124 20-0 Jian 
Prince of Heſſe WAA fe * arc bk prop tein 
Hebe Brabe | 1364 [23 31 30 | 
Wright © | 1594 | 23. 30 
I | Riccrolus 046 "128: 40720: > 
F Hevelius © © 18 27 4020 0 
LI Cafmi.. | 1655 23 29 117 
I De la Hire 1686 | 23 29 
|. Flamfleed IJ 1690 | 23 29 The” 
LI Branchine Sex Up 23-88-25 Þ 3 
® | Roemer, nenne 
: Louuille 1715 | 23 28 24 — SAY 
Godin = ö 23 — 8 5 
* Godin, mem. 4 Head. ann. 1734. | * 
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The foregoing table, taken chiefly from Ricciolus®, Flamſteedb and Lou- 
ville, ſhews what the obliquity of the ecliptic was obſerved to be, by diffe- 
rent aſtronomers, in the ſeveral ages of the world, from the moſt ancient 
times wherein we have any records of its having been meaſured, down to the 
lateſt obſervations thereof: a view of it may induce us to think, that the 
angle between the planes of the equaror and ecliptic is leſs now than former- 
ly, and that it is continually decreaſing; Lowville, having corrected the obſer- 
vations of the ancients, by making proper allowances for refraction not con- 
fidered, and for parallax ſuppoſed to great, finds them very favourable to 
his opinion mentioned 5 798, that the decreaſe of the obliquity is about 1 

in 100 years; his diſſertation, which is very curious, is publiſhed in latin, 
in the ac eruditer. Lipfie, A. P. 15 19: the hiſtory of the academy of ſciences 
for the year 1716 gives a ſhort view of it; but at the ſame time tells us that 
the other aſtronomers of the academy were ſtill of opinion the obliquity of 
the ecliptic was, invariable: perhaps this was che alan hy chis diſſertation 
did not find a place in their memoires. 
803 M. Godin another member of the French We of ſciences reſu- 
med this ſubject, in the memoires of the year 1734: be remarks that Lo- 
ville, notwithſtanding his great exactneſs, made uſe of the table of refracti- 
ons for Paris, to correct the obſervations of the ancient aſtronomers who li- 
ved in places where refraction might be different; and that the height of the 
pole at Marſeilles, which is one of the chief grounds he goes upon, is not e- 
ven now accurately enough determined; fince Goſſendus, Caſſini, and de ls 
Hire differ about I in ſertling it: this induced him to make uſe of ſuch mo- 
dern obſervations only in this ebquiry as may be depended upon for their ex- 
aanels, and which were made in places where the refraction is well known: 
he proceeds in this manner; in the year 1655 the obliquity of the ecliptic 
came out 23” 29 15, from the obſervations of Caſini by the gnamon at Bo- 
: now it is certain, by all che obſervations made at Paris and other pla- 
ee Sac ace 1730 che obliquity is no more than 2328 20; and that there 
cannot be an error of 5? in this determination of it: it has therefore grown 


or teſs in Bo years; Which is very near 1 in go years: and this agrees, with- 
in 5 wie the dbſervations of Rirber, Dela Hire, Remer, and Bianc bini. 
N verimay de thooght of Godin's objection | the obſervations 
7% OCR gentle Fes ions for Paris, I 

Ter nos feats Foy Ris qui yo ioflng ls 


% % TT OOO OY % .. DTS. I SEE TI ers ep Eg 


S. 22 ©”@@=m go =u wm. mg © ( K on 


| pole 


CHAP. 16. ASTRONOMY. ö = 
pole at Marſeilles; fince it appears by his diſſertation to have been very care- 


fully taken, with a quadrant of 3 feet radius furniſhed with teleſcopic fights. 
804 Godin will have it that the ecliptic approaches nearer to the equator, 


and that the equator is immoveable: he ſuppoſes the axis of this motion to 


paſs through the equinoctial points, he does not ſay whether he means the 
places of them as now fituated, or as they are continually changing by the 

fon; but ſeems to mean the latter: he ſuppoſes alſo that the orbits of 
all che reſt of the planets are invariable, whilſt the orbit of the eatth only | 
is perpetually changing: theſe are ſuppoſitions not very eaſy of digeſtion: if 
they be granted, it is certain the latitudes of ſtars muſt change in proportion 
to the motion of the ecliptic; but their declinations no otherwiſe than from 
the preceſſion of the equinox: he thinks he has, from the declinations of ſtars 
ſet down by Ptolemy compared with what they are at preſent, found that 
the greateſt part of them have changed their latitudes, ie the thine of thc 
aſtronomer, as much as his ſuppoſed motion of the ecliptic would cauſe them 
to do; but owns at the ſame time that ſeveral ſtars fayoured the contrary o- 
pinion®: he goes on to ſhew that this motion of the ecliptic would cauſe that 
circle to cut the orbits of the planets ſucceſſively in different points, but dif- 
ferent orbits in a different manner; by reaſon of their different inclinations: 
the conſequence of this is that their inclinations to the ecliptic muſt be chan- 
ged, and their nodes muſt have a retrograde motion, a little different from 
one another, as well as different from what ariſes from the motion of de. 
tal points. 

805 If there be any change in the obliquiry of the ecliptic which Ithink 
to be very probable, it may be cauſed either 1 by a change in che inclina- 
tion of the earth's axis, the plane of the earth's orbit continuing immovea- 
ble: or 2 by a change in the plane of the carth's orbit, the axis of the earth 
continuing parallel to it ſelf: or 3 by a change both in the inclination of ehe 
axis and in the ſituation of the orbit of the earth. The firſt of theſe ſeems 
* er- Ren for if we conſider the ſhape of th earth, chat it 
is an oblate 
meter at the poles a little ſhorter than at the equator ;. and that, by, reaſon of 
this figure of che earth, the attraction of the heavenly bodies will act upon it 
-e eee 8 

in the plane of the ecliptic, is perpetually ring, or che pro- 
tuberant parts about the equator of the earth, E che 
plane of the ecliptic; which action of the ſun, together wich the liks attrac- 
tion of the moon, is the caſe of the prceſon of che equjnoucy 3s I ſhall 


a See 5794 | 
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JÞheroid, or a globe à little flatted like a turnep, having its dia- 
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ſhew more at large when I come to treat of the cauſes of the planetary mo- 
tions; if I ſay we conſider all this, it will not appear improbable, that theſe 
actions of the ſun and moon, which have a continual tendency to bring the 
plane of che earth's.equator nearer to the plane of the ecliptic, ſhould gra- 
dually diminiſh the angle between thoſe planes. T he moon indeed being ncar- 
er to the earth, contributes more than the ſun towards this effect, by her at- 
traction; for though ſhe is but twice a month i in the ecliptic, yet ſince the 
is always near it, never deviating much above 5* from that circle, and theſe 
deviations are as much towards the north in one half of her period round 
the varth as they are towards the ſouth in the other, they will fo balance 
one another, that the effect of the whole attraction of the moon will be pret- 
ty much the ſame as if ſhe were carried round the earth exactly in the plane 
of the ecliptic. I do not here abſolutely exclude all change in the poſition of 
the ecliptica; for, as the planets move round the ſun in different planes, their 
mutual attractions muſt have a tendency to change the fituation of all their 
planes, and bring them nearer to a coincidence with one another: but then 
the diſtances of the planets from each other is ſo great, that the change here 
mentioned may be eee mall as not to become ſenſible in many a- 
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806 Moſt 741 ancient ons, which are come down to us, were 
* at Alexandria in Egypt, where, to ſpeak | in round numbers, which are 
ſuthcient 1 in this caſe, the height of the pole is 317; the height of the equa- 
tor 5953 the height of the fan in the winter ſolitice 3 5, at which height re- 
fraction is about 1; the height of the ſun at the ſummer ſolſtice 825, at 
which height refraction is about 7; ſo that refraction, in that latitude, by 
increaſing the ſun's apparent meridian altitude above 1 more at the winter 
than at the ſummer ſolſtice, diminiſhes the diſtance between the tropics as 
merk and conſequently leſſens the obliquity about half that quantity: we 
know that Prolzmy determines the ſun's horizontal parallax to be very near 


5 33 „ Whereas it does not amount to above 10, as we ſhall fee in the follow- 
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Ene if the ancients conſidered Ptolemy's parallax in this affair, as [ 
believe they did-nord, this at the altitude of 35 is almoſt 2 4, and at the al- 
N not more than 21"; and then theſe miſtakes about the parallax 
and refration,' would occafion their ſettling OOH ages + 
N Iz Lachen they would otherwiſe have done. 33 
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807 It is impoſſible to explain this tradition of the Egyptians of the di- 
urnal riſing and ſetting of the ſun; but if they meant it of his annual riſing 
and ſetting, and by that expreſſion underſtood his entrance into the points of 
the vernal and autumnal equinox, ſome ſenſe may be made of ita: they ſup- 
poſed the equator immoveable,. and, if they had found by obſervation that 
the obliquity of the ecliptic gradually diminiſhed, they might naturally oon- 
clude the eclipric, or circle of the ſun's apparent annual motion, would in 
time be coincident with the equator; at which time there would be a 
tual equinox over the face of the whole earth: that thence forward the eclip- 
tic would decline from the equator the contrary way; ſo that the ſemicircle 
of the ecliptic which is now on the north, would be then on the fourth fide 
of the equator: this would change the feaſons of the year, in ſuch a manner. 
that the ſummer would happen, in Egypt, when the ſun was in north, the 


_ winter when he was in ſouth declination; the ſpring would begin when the 
ſun entered into =, and the autumn when he entered into v: it is eaſy to ſee 


that, ſuppoſing this motion of the plane of the ecliptic. to be conſtant, it 
would cauſe the viciſſitudes of the ſpring beginning alternately, though with 
2 very long interval of time between, when the ſun was in Y and =: the 
Egyptians, reſolving to raiſe their pretenſions to antiquity high enough, 
gave it out thas four wa en hand been actually obſerved: by Tſe ih 
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808 The moſt ancienz abe here mentioned is that of Pytheas of 
Marſeilles, not that he Vas the firſt who is recorded to have obſerved the o- 


bliquity of the ecliptic, for we are told Wales b and Anaximander*<did it near 


300 years before him; but we are not inſormed what they found it to be: the 
only ancient account of the obſervation of Pytheas is in Strabo J. a, where he 
is ſaid to have found that, at Marſeilles, at the ſummer ſolſtice, the length 
of the gnomon was to the length of its ſhadow, as 120 to 42 wanting a gth: 
by the zth I ſuppoſe, with Gaſſendus and Lowville, is meant a 5th. of one of 
che 120 parts into which the gnomon as divided; the gnomon then was to 

the ſhadow, in Whole numbers, as 600 to 209: ſay then, as 600 to. 209, ſo | 

is radius to the cotangeat of the height of the ſun's upper ee WE comes 
out 70? 47 417: this correcded by taking away for refraction, 20 the ſemi- 
diameter of the ſun 15 49, and adding parallax 3, gives the rrue height of 


| eee b Laexius in Thal — Ancaananidroe 
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=_ ASTRONOMY BOOK 2. 
the ſun's center 70* 31 35”: from whence take away the height of the equa. 
tor at Marſeilles, obſerved by Louville 46" 42 12, there remains the obliquity 
of the ecliptic in the time of Pytheas 23* 49 23. 
| Bog Since Ptolemy all aſtronomers ſeem, after his example, to have retained 
the obliquity ſettled by Eratoſthenes, till the time, of Almamon: that Prince, 
aſſiſted by many learned men, found the greateſt meridian height of the ſun 
at Bagdat to be 80* 15; the leaſt 33* 5: the leaſt being ſubtracted from the 
ſt, the remainder 47* 10 is the diſtance between the two tropics; half 

of which, 23" 35, is the obliquity. Albatennius, about the ſame time, brought 
out the ſame obliquity, from his own obſervations: I have ſet down his own 
words® becauſe his book is not common; it appears from them, that he did 
not conſider the parallax of the ſun at all, though ſome writers tell us the 
contrary. Arzatel, who is much commended for his abilities by -{ben-Ez- 
rab, found the obliquity 1 leſs than Albatennius, for his numbers are 235 
7 according to moſt writers, though Flamſteed ſets them down half a mi- 
nute leſs: from thence forward we find the obliquity leſſening, till the time 
of Hebo, when refraction came firſt to be conſidered in this affair; though 
Walther and even Regiomontanus< had before obſerved refraction to alter the 
„„ ee Fg 

The letter F on the fide of the table intimates the obſervation to be taken 
* Nanteed, R from Ricciolus's almageſt or aſtronomia reformata, 1 
from Laruille, thoſe which have no letter prefixed are from the authors them- 
ſelves: the meaſure of Eratofthenes as well as that of Ptolemy is from Ptole- 
J. 1 c. 10. As to the years ſet down in the table, I have follow- 
from whence I took the obſervations: there are in the table a 

angle of the obliquity of the ecliptic ſeems to in- 
yrs, e eee ones had 


Nr 
nn, eee if we will allow 
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the ancients to have had eyes and inſtruments, and to have uſed any'tolera- Fic. 
ble care in their obſervations. I ſhall here gi of rhe numbers correct 
ed by the parallax of the ſun, ſuppoſing his horizontal parallax Id., and al- 5 
lowing for refraction according to Newtan's table of refraction F765; where 6 
i muſt be owned we cannot be ſo accurate as is to be wiſhed, by reaſon of ; 
the difference of refraction in different places upon the earth, a at diffe- 
rent times of the year in the ſame place. With this correction, : obliqui- 
ty of the ecliptic comes out from the obſervations of Erateſtbenes ag 51 Wn, 
of Ptolemy 235 49 16˙, of *Albatennius 23 35 35, of Arzakel 23 34 4, 
of Prophatius 23 32 4x, of Uu Brigh, 23 25 58, of Copernicus. 23" 30 TH.” 
of Walther 23" 29. 15, of the Prince pf Hefe 2330 2 * 
5 ©, of Hevelius e, Nos e Ha od: : 
. 4 £ > if Me bk — | e en 
N KP F 
© CHAr. 17. OF: 20 145454 oh THE HEAVENLY. BORING... Wo — 5 


15 
| 810 In ſpeaking of the plates af übe Keadenly bodies in the ſphere ofthe © 
a, we have hitherto conſidered them as if they were viewed from the 1 
tencer of the earth; or, which would be the ſame thing, as if the earth. were Je 
bur. a point; that is, as if the diſtance between the center and ſurface.of the 
earth were inſenſible, when compared. with the diſtances of the heavenly - 
bodies from us: this is true with regard to the fixt ſtars, ſe h. — 4 th” | 
great meaſure alſo in reſpect of the ſun, and all the 2 except 
in fig.. 68, eee 3 d 
though we are ſure, by geometrical reaſoning, that wh 42: 
UU ̃ iV } * | 
and B N TT any. of the planets at r; they would form my | 
an angle A u ; dif they were prolonged: from thence. to che ſphere of the i 5 
heaven. they w d eroſs one another and terminate in two points thetgaſ ss 
A o, which would be at ſome diſtance from one another; yet this diſtance 
for the moſt part, too ſmall to be taken by any inſtrument: this diſtanes 
herween the points u and o is called the parallax, which is ſaid. te be, 
We when great enough to be diſcoverable by obſervation; ib when too | 
Hall to be meaſured by any inſtrument: the word parallax in greek fi- 
e but, in aſtronomy, the panailaa g e e- 
eee eee 

d by-irs being ſeen from different points of view 6 24 
4 ty The diurnal\pareliex of 4 phenogatnon, which is; | ler 
e eee eee mm en 
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285 ASTRONOMY | Book 2, 
Fs. de in the ſphere of the heaven, contained berween the point wherein it ap- 
pears to a ſpectator upon the ſurface of the earth and the point wherein it 
would appear if it were viewed hy a ſpectator at the center of the earth: the 
former of theſe points is called the apparent place, the latter the true place of 
+ the phenomenon: it is called diurnal parallax to diſtinguiſh it from the an- 
nual, and becauſe it ariſes from the ſemidiameter of the earth whoſe rèvolu- 
tion round her axis cauſes the viciſſitude of day and night, or becauſe it is 
altetable by the diurnal rotation of the earth which changes the apparent al- 
ritudes of the heavenly bodies and conſequently their parallax. | 
812 A phenomenon which at different altitudes continues at the ſame di- 
ſtance from the center of the earth has the greater parallax the farther it ap- 
pears from the zenith of the obſerver: therefore the parallax is greateſt in 
| the horizon. A phenomenon that appears in the zenith, whatever its diſtance 
658 from the earth is, has no parallax: thus, if a phenomenon be at n, in the 
©.  - viſible horizon of a ſpectator at A, its parallax is the arc x a; its apparent. 
place is o; its true place x: if it be at ſome height above the horizon, as at 
6, its parallax'is 1; which is leſs than u o: if it be higher, as at r, its pa- 
rallax is 1 K; leſs than LM: if it be at ꝝ or e, it appears in the zenith, at 2; 
and has then no parallax: for, the lines Az and 2 Wenn its apparent 
place is the ſame wich its true place. 
. $13 Parallax always diminiſhes the altitude of a phenomenon, or makes 
it appear lower than it would do from the center of the earth: thus, o the 
apparent place of xt is farther from the zenith z than irs true place N is; in 
like manner, the apparent place of 6 is lower than its true place L; and « 
the apparent place of F is lower than its true place 1. This change of the al- 
ticude by parallax may, according to the different ſituation of the ecliptic 
| | and equator in reſpec of the horizon of the ſpectator, cauſe an apparent pa- 
3 rallax or change of the latitude, longitude, declination, and right aſcenſion, of 
=. 69 the phenomenon; or it may change only ſome of them: thus, fig. 69, let 
= n o be the horizon, E c part of the ecliptic, 2 the pole of the ecliptic, 2 the 
x nab eee place, and y the 
Se apparent place of a planet, Sean e n e chroogh che 
a © planet's true place, and DB a circle of latitude drawn through its apparent 
Ex - place; it is. manifeſt that the parallax of altitude y 1, by changing the place | 
WE alters its latitude from 1 to A; it alters its lon- Ml th 
gitude alſo as much as the arc A B amounts to 53 659. If the place of a pla- | 
| net be in a vertical circle which cuts the ecliptic in the ninetieth degree from WW fo 
the borigon, chat is which cuts che ecliptic at right angles; the x will WW an 
ä F * ſee 
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in the point x of the vertical 2 x n, this vertical being perpendicular to the Fi. 
ecliptic, and conſequently a circle of latitude, by the definition $ 646, the 69 
parallax of latitude k L will be the ſame with the parallax of altitude; but, 
fince the ſame circle of latitude Þ x N paſſes through the true place x and 
the apparent place L, the parallax of altitude x L does not change the longi- 
rude. Let x c, which before repreſented the ecliptic, be now the equator, 2 

the pole of the equartor,'y 2 % the meridian, » 13 a circle of declination paſſ- 

ing through the true place, and > A a circle of declination paſſing through 

the apparent place of the planet; the point ; ſhews the true, and the point 4 

the apparent right aſcenſion of the planet, and A is the parallax of right a- 
ſcenſion: 1 B is its true, F A its apparent declination, and their difference is 

the parallax of declination: if the ſtar be in/the meridian as at x, the paral- 

lax of deelination will be x 1 the ſame as the parallax of altitude; bur there 
will be no parallax of right aſcenſion: becauſe the fame circle of declination 

xx u paſles through the apparent place L and the true place kx. 5 

814 The parallaxes of any two phenomena as F and h whoſe diſtances 68 
from the center of the earth are different, and apparent diſtances from the 
zenith equal, are reciprocally as their diſtances from the center of the earth: 
thus, if the diſtance of h from o be double the diftance of f from c, the pa- 
rallax of F will be double the parallax of h. The converſe of this is true; if 
the parallax of / be double the parallax of þ the a Habu the 
diſtance of f from the earth. 

815 One uſe of the knowledge of parallazes i is to find che true place es 
phenomenon: in all obſervations of the heavenly bodies, it is + 
know how much they are depreſſed by parallax; that by adding ſo IC 
their apparent we may have their true altitudes: indeed in all of chem except 
the moon the parallax is ſo ſmall, that, in moſt caſes, we need not take any 


account of it, but then to know it to be thus ſmall is of good uſe, to prevent 


our falling into the miſtakes, and help us to correct the obſervations of thoſe 
who have ſuppoſed it too great; as all aſtronomers till of late have done: 
thus, Prolemy ſettled the horizontal parallax of the ſun when in perigee about 
73 as Hebo did alſo: Kepler diminiſhed it to 1: but, by the lateſt and beſt 
obſervations, it is found not to exceed 100. 

Another uſe of parallaxes is to find the diſtance of the heavenly bodies from 
the earth: rhus, the horizontal parallax of any one of them being known, _ 
ts diſtance from the earth may be found; by F. 143: ſee the moon's diſtance | 
found by her horizontal-parallax;” $147." The parallax of a phenomenon at 
any given altitude * known its diſtance from the * may be * 
W 58 25 3 13 Nai $0 64 nd + „ tron wavy S 4.4 4 ala 8 
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| - 3h. 39. in longitude, weſtward, hither Richer went by order of the R. Academy of ſciences'to make ob- 
| fervations; / 
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£16 The moon being the neareſt to the earth of all the heavenly bodice, 


00 bar parallax. is the greateſt, and conſequently the moſt eaſy to be determined; 


it amounts to about a whole degree, as we ſhall ſee when the moon comes to 
be treated of. The fun and all the primary planets, except mars and venus 
when in perigee, are at ſo great diſtances from the earth, that their parallax 

is too ſmall to be obſerved. When mars is in oppoſition to the ſun, his di- 
e fotwer ahe earth, 
and conſequently his parallax is then double to that of the ſun: Hebo in the 
year 158 endeavoured with incredible diligence to diſcover the parallax of 
mars in oppoſition; but Kepler, having examined Tycbv's obſervations, con- 


eluded from them that mars's parallax was ſcarcely ſenſible . 


817 The, horizontal parallax of a phenomenon would be found directly, 
if a7eere to be ſeen by two obſeryers, diſtant from each other 90 of a great 
circle. upon the earth, and ſo fituated that one of them ſaw the phenomenon 
in his zenith, the other in his horizon: the diſtance between the two points 


in the ſphere of the heaven in which the phenomenon appeared to them 
68 would be its parallax: thus, fig. 68, let a phenomenon be at u, to an obſer- 
ver at B it appears in his zenith at ; to one at A it appears in his horizon 
at os its horizontal parallax is x o. This method is mentioned for the eaſi- 
neſt of conceiving it, but is not likely to be put in practice, and, if it were, ho- 


rizontal obſervations are very uncertain, by reaſon of the variableneſs of re- 


fraction in or near the horizon: but the parallax of a phenomenon at any 


known altitude being found, its horizontal parallax may be computed from 


thence, in the manner ſet down in the remarks®. Alſo if two obſervers not fo 
far diſtant as goꝰ obſerve, at the ſame time, meridian altitudes of a pheno- 


menon, the difference of declination which comes out from thoſe altitudes 


is the parallax owing to the difference of latitude of the places of obſervati- 


on, this being known the horizontal parallax which would ariſe from a di- 
ſtance of goꝰ may be compured from it: thus the meridian altitudes of mars 
in perigee were obſerved at the ſame time at Paris by Caſſini, and at Cay- 
enne , by Richer; and the horizontal parallax of mars computed from thence: 


8 b tons ul mv r eee, e e ee 


7 2 Ricciol. almage#/. 7 c. 3. Ae | 3 1 19. | 
| © Se, ian that 09 the erat of N ont ng ye Og 36. 11 diftane from Pari 


other things, of the meridian alticudes of mars and venus in perigee, and of ſome ſtar 
near them: the Masur of the Academy reſolving to do the fame at Paris and other places in France, it 
onder to diſcover; the. parallaxes of thole two planets. I have here given the reſult of their obſervations, 
which may be ben more at large, in Obſervations Affronemigues: & A 
Richer p. 14. Aa Rad th 80." 1 


Nt 1 ; thoſe 


LR , %%% ⅛ ¼—¹ð— er ee. I ou 


FSW x 


LESS 


oe 


thoſe two places, would have been to have obſerved with the teleſcope an 
occultation of ſome fixt ſtar by mars; if this had appeared exactly the ſame 
in both places, it would have-ſhewn that mars had no ſenſible parallax; if he 
had, the moment that the upper edge of mars's diſk appeared at Cayenne to 
touch the ſtar, it would at Paris have appeared a little lower than the ſtar; . 
and when the lower edge of the planet appeared at Paris to touch the ſtar, it 
would at Cayenne have appeared a little higher than the ſtar: and theſe di- 
nnen 
have been owing to the parallax. 

818 As they bad not an opportunity of making ſuch an obſervation in 
both places at the ſame time, they cook, the ſame day at Paris and Cayenne, 
meridian altitudes of mars and of a firt ſtar in aquarius nearly of che ſame 
declination as that planet then had; in order to find whether the difference 
between the altitudes of mars and that ſtar, were the ſame at Cayenne, as 
at Paris: if it were, fince the ſtar has no parallax, the declination of mars 
would come out the ſame from the obſervations in both places; and his pa- 
rallax would be inſenfible: if, on the contrary, the difference: between the 
altitudes of mars and of the ſtar were obſerved to be greater at one place 
than at the other, this would ſhew a difference between the declination of 
mars as calculated from the obſervations of him in one place and his declina- 
tion as it came out from the obſervations in the other place; which diffe- 
rence would be the parallax of mars, ariſing from his being viewed by cY¼ o 
obleryers diftaat from each ocher an machen tha are of «: great chene conn 
ed between the parallels of Paris and Cayenne amounts to. 

Sebolium. It is eaſy to ſee that, in order to find whether che declinations of 
mars would come out the ſame from his meridian altitudes in Paris and Cay- 
enne, the difference between the laticudes of thoſe places muſt be known: 
bat, beſides this, their difference in longitude muſt alſo be confidered: 'now 
this is ſuch, that any of the heavenly bodies comes to the meridian of Cay- 
enne 3Þ.40 later than to the meridian of Paris: in this interval of time, mars, 
by bis mation in his orbit, changes his declination; and, though this change 


be very ſmall, it is neceſſary to know exactly what it is, in an affair of ſo 


= nicety as that before us; this is known by comparing the meridian 
icht of mars taken the night immediately before with his meridian height 
taken the night after the obſervation of him from whence the parallax is 
ſought: for this ſhewe what the change of kis declination iv-in-the neorval 
of 24 hours; from whence, by the rule of ere it is Ke 4 ng 
what it is in 30 0. ** 
2 v. in dee, nee verifies. 34 | 44 þ. 35 1 81 850 * e 
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Fey The chree obſervations of the meridian altitudes of mars, made the 
ſame nights at Paris and Cayenne, by which his parallax was found, were 

in the month of ſeptember 167: hy the firſt obſervation, ſept. 5, mars ap- 
peared 123 by the ſecond obkryation, ſept. 9, 133 by the third, ſept. 24, 
17 more ſoutherly, at Paris; than he would have done, at the ſame moment, 
under the ſame meridian; in the latitude of Cayenne: Caſſini ſays that the third 


number ſhould have been leſs than the ſecond, becauſe mars was a little far- 


ther from the earth at the time of the third obſervation, than at the ſecond; 
and therefore his parallax ſhould have then been leſs: but an error of a few 
feconds is unavoidable in ſuch obſervations; he thought the beſt way was to 
ſplit the difference between the ſecond and third obſervations, and make the 
parallax of mars, owing to the difference berween the latitudes of Paris and 
Cayenne, 15'; from whence the horizontal parallax of mars at that time is 
by calculation 25. v. les elemens d aſtronomie verifiez p. 39. 

3820 Mars is neareſt to the earth and his parallax the — all, when 
bo. is in oppoſition at the ſame time that he is in perihelion; ſuch was his ſi- 
tuation in the year. 1672, when Caſini, by the methods here mentioned, 
5817 and 82a, from his own obſervations at Paris and thoſe of Nicber at 
Cayenne, determined his horizontal parallax to be 25: thoſe obſervations of 
Caſſini were confirmed by thoſe of Maraldi, made in the year 17042, and a- 
Dun in dhe year 17399; from which he concluded the ſun's parallax to be 
10% as Caſſini had ſettled it in ſeveral places of his writings<: at the time of 
Gaffini's obſervations the diſtance of mars from the carch was to the mean di- 
ſtance of the ſun from the earth, as 2 5 to 923 the parallaxes of any two 

a are reciprocally as their diſtances d, and therefore, if the paral- 
lar of mars be 25, the ſun's parallax at his diſtance comes out 9'+: in- 
Read of which the round number 10 is uſually aſſigned for the ſun's pa- 
rallax. There are other methods of finding the ſud's parallax made uſe of by 
.the ancients and ſome of the moderns, but they art not ſo accurate as thoſe 
juſt now mentioned; they require alſo ſome knowledge of the moons theory, 
in order to the more eaſily underſtanding them: I ſhall therefore reſerve the 
explanation of chem to a more proper place. | 

821 Venus in perigee is ſo near the ſun, che her parallax cannot eaſy 
be diſcovered by comparing her with any fixt ſtars e. Venus in perigee may 
ſometimes be ſo near one of her nodes as to appear upon the diſk, of the fun; 
* ſhe was ſeen nov. 24. A.D. 1639, only at —_ in Lancaſhire by Hor- 
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of another" obſerver, diſtant from me any number of degrees upon 
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wr, and at Mancheſter by his friend Crabtree, to whom he had aforetiand {450d 


given notice of that uncommon ap a: venus will not be again viſible 
upon the ſun's diſk, till may 26. 176 1, and then, if the time of her tranſit 
be obſerved by different perſons, in different parts of the earth, in the man- 


ner deſeribed by Halley in the philoſophical tranſactions n. 348, her-parallax 


from the ſun, i. e. the difference between her parallax and the ſun's; may be 
determined, to a degree of accuracy not to be hoped for from any other me- 
thod. Mercury appears oftner upon the diſk of the ſun than venus but his 
diſtance from the earth at that time wants ſo little of being equal ta the ſun's, 


ther his parallax from the ſun is too little to be eaſily diſtovered tr ltts 


822 The parallax of a phenomenon, if ſenſible, may be found by one ob- 


ſever only; by marking the apparent difference of its ſituation, in reſpect of 
fixt ſtars that are near it, at different hours of the ſame night: if I make uſe 


of this method, a fixt ſtar and a clock that beats ſeconds will ſupply the place 


leſs than a quarter of a eircle; for all that he could teil me would be, that 


the earik 


at the ſame moment when I viewed the phenomenon at a certain diſtance 


from the ſtar, it appeared to him at a different diſtance from it; which is the 
parallax owing to the diſtance of our two places of obſervation: ſuppoſe that 
diſtance to be 45 degrees, the rotation of the earth, in a certain time which 
may eaſily be computed in any latitude, ſuppoſe the time g hours, will car- 
ry me into a ſituation 45 degrees diſtant from that herein I am at prefens, 


and conſequently, ſuppoſing the phenomenen and the ſtar to have no motion 


in the mean time beſides the apparent diurnal motion, I ſhall; at theſe two 
different times of obſervation, one now the other five hours hence find the 


ſame difference between the diſtances of the phenomenon, from the ſtar as 


would be found by two obſervers diſtant 45 from each other, vigwing it at 


the ſame moment of tinie. By this method, which, from the authors here 
quoted, is more at large 
parallax of mars nearly the ſame as by that mentioned 58 1 by che fame, 
Flamfleed at one time determined the parallax: af mars to he leis chan 30 bz 
and at another time not to exceed 2 90: by che ſarne method, Bianchini-makos 
the parallax of mars to amount to near 40: ſo difficult is b ve 1a 
K this-narure een eee 


explained in the remarks, 5 826, Caſini found the 
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823 Ne annual parallax of a phenomenon is che change of its apparent 


| bete in che ſphere of the heaven, which'is cauſed by its being viewed from 


che earth in different parts of her orbit: the annual parallax of all the hea- 
venly bodies except the firt ſtars is conſiderable : it is the motion of the 
earth through the different parts bf her orbit that cauſes the ſun to appear e- 
very day of the year in a different point of the ecliptic; as was ſhewn 9 642: 
e the fins un namely our continually changing our ſtation, 
of the pla are almoſt always different from what 
they would be if they were viewed from any fixt point in the orbit of the 
earth: as has been ſhewn in the 8th; th and roth chapters of this book. The 
reaſon of tis is plain, the diameter of the earth's orbit, bears a conſiderable 


| proportion to the ſemidiameters of the orbits of the moſt diſtant planets, be- 


ing more than a'gth part of the ſemidiameter of the orbit of ſaturn; and a- 
piter's orbit: but it bears ſo ſmall a pro- 
portion to the ſemidiameter of the ſphere of the heaven, or the diſtances of 
che fixr ſtars from us, that if they have any ſenſible parallax it is exceeding- 
ly ſmall: what attempts have been 1 55 neee 
_ e eee 1010 
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non is greater che leſs its altitude is, we may take it in the following view; 


68 u line a c drawn from the center of the earth to the place of the ſpectator is 


a ſemidiameter of the earth, which, if we ſuppoſe it to be viewed from the 
phenomenon whoſe: parallax is confidered; will appear under an angle that 
may be cillect the angle of the ſemidiameter: thus, if the be at 
n, che angle of the ſemidiameter is e A; if at o, it is c GA, &c.— The 
angle of the fmidiameter is equal to the angle of becauſe vertical 
d ict thut, c equal co u o; and therefore either of theſe is called the 
in like manner, C A is to T U M; and vA to Ir xk. 


| The 3 is leſs the'rore obliquely the ſemidiameter 


Reyne ng hogan the line e A would be ſeen in the moſt direct 
e 
C A is viewed:mote obli and therefore appears under a leſs angle c OA: 
from # it is viewed ſtill more obliquely, and appears under a ſtill leſs angle 
nere n 
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fame ratio to the ſemidiameter of the earth, as the ſine of its apparent diſt- Fie- 
ance from the zenith is to the fine of its parallax: it is a known property of 
every plane triangle, that the fines of the angles are as the ſides which ſub- 
tend them: or, converſely, the ſides are as the ſines of the angles ſubrended 
by them: thus, fig. 68, c 6 the diſtance of the phenomenon's from the ten- 68 
ter of the earth is to A c the ſemidiameter of the earth, as the fine of the an- 
gle o A o, or = 4-4-4 which ineafures dene eee eee 
zenith, is to the fine of co A the angle of the parallax of 06. 
Corollary 1. Hence the parallax of a phenomenon at — TS 1 
ven, its diſtance from the center of the earth may be known: and converſely. 
Corullary 2. The fines of the apparent diſtances of a phenomenon from 
the zenith are as the ſines of its parallax: cherefore as the ſine of any given 
At een menen Bent men 
Nees rr ine 1 ee 


e 8 


826 In fig 70, e e v. 
obſerver, imagin the plane of the equator to paſs through mars at x, and to 
be extended every way till it reaches the ſphere of the ft ftars, and marks 
thereon the celeſtial equator, part whereof is repreſented by F#z: foppoſe _ 
the celeſtial equator divided into 24 equal parts, beginning at z che Zenith 
of the obſerver, and a plane 10 bs d 
each diviſion: theſe planes will mark 24 hout- circles, whereof 14 4 2 is the 
meridian-of che obſerver, whom we ſu poſe to ſee mars, when at x, in con- 
junction with a fixt ſtar z, in his zenith: if neither mars nor the ſtar had a- 
ny other motion beſides the apparent diurnal, they would both appear to go 
round in 24 hours; and, if this diurnal motion be equable, We fs 
would in fix hours after being in the meridian Mt AE be in wo f the plane 
of the fxth hour-circle, which is alſo the rational horizon of the place a+ 
now & ſpectator at vr the center of the earth would fee mats and the ſtar'go 
round from 2 to 1 continuing all the while in exact eonjungion, but it will 
happen otherwiſe to the obſetver at à; for he will ſee mars in exact con- 
junction with the ſtar, only while they are both in the plane of his meridian 
M AZ, but fix hours after, when mars is at o, and the ſtar ar I, fo that both 
of them are in the plane Mor, the ſtar wilt to him appear to be in, the plane 
A 1, and mars in the plans A K: it is to de ATE DOR vet, URS, being 
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Fro Irhiichapraſiack byi&Eoliiecperaliat; will appear to come to AN & the ſenſi- 
7o ble horizon of a, a few ſeconds before he really comes to the rational hori- 


200 0 and conſequently before che expiration of ſix hours after his be- 
ing in the meridian; Whereas, che ſtar will appear to go from the meridian 
to che horizon exactly in ſix hours; the ſenſible and rational horizon being 
ident in reſpect of the ſtars 9 275 now the time that mars appears to 
come to the horizon before the ſtar is his parallax in time; and is equal to 
the time mars takes in going the are x o, from the ſenſible horizon to the ra- 
tional: and may be eaſily turned into meaſure, in order to have his parallax 
in an arc of a great circle. We ſhall alſo have directly che parallax of mars 
in an arc of a great circle, if, when he is. in the ſenſible horizon, we take 
his apparent diſtance from the ſtar, with the micrometer. The parallax of 
mars being thus found to be the arc G x, or the angle x A o, to which the al- 
ternate M 0A is equal e have a right angled triangle A M o, whereof the 
acute angle at o is known; and conſequently, by 5 143, the ratio of A *I the 
ſemidiameter of the earth to x o the diſtance of mars from the earth may 
3 Ki OE 3 
8 ae In => to, find. - difference ol rime between the coming of mars 
| of the flax, to any poten chs there. wry be. four vo hairs or very 


28 5 
. 
a 
135 
- 


Wnt ke to ĩt Fas en be 2 5 Th coming to e the right 55 
7 an 6 ſar may be known, 25 52 then when mars 
and the ſtar are both in your one 1 and fix hours 8 e ſtar will come 
xch hour circle, but mars will come to it a little ſooner; againſt that 
rime therefore, having the teleſcope ready with the two,cros hairs Az and 
C Þ parallel to the equator, obſerve the moment that mars comes to one of 
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attend the oblerver, which he may. more eaſily ſuppoſe in theory, than be fa- 
voured with in practice; but trigonometry Will here come in aid: for 1 ſup- 
70 poſe the obſerver to be at v in ſome. parallel at à good diſtance from the e- 
quator, the parallax of right aſcenſion will be 125 leſs than it would un- 
der the equator, but in a ratio eaſy to be known; for it will be in the ratio 
of y M to 4A M. or. as the fine of the height of the equator to the whole fine; 2 

N obleryations being difficult, inſtead of the ſixth let the different 
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appu les of mars and the ſtay to the third bees ine be düse tiere-alfo Fro. 
will be two third hour: lines, the true one r C drawn through the center of 70 


the earth, and che apparent one v n drawn parallel to it though v the place of 
the obſerver: and as 2s is to r NM, or the fine of the half right angle 2πα - 
contained between the meridian and the third hour- circle of the plaer 2 iis 
to the whole-fine, ſo is the parallax found at the third hour- cirele to the pa - 
rallax at the fixth: 3 ſuppoſe mars not to be in the equator, but in ſome pa- 
rallel; his parallax then found, in order to know what it would be in the 
equator, muſt be inereaſed juſt ſo much as the ſemidiameter of the equatat 

| exceeds the ſemidiameter of the parallel wherein mars then is, or as tho whale 
fine is to the ſine complement. of mars's declination: 4 as mars has a motion 
in his orbit, eee ale La: 
quable, or equably accelerated or retarded, which of theſe is the caſe may 
be found by 2 and ſubſequent obſervations of mars, ſo as to enable 
us to know, with ſufficient exactneſs, at any moment of time, tlie true place 
of mars wherein he would appear to a ſpectator at the center of the earth; 
and, by comparing it with his apparent place, An ener 
arme 
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Fas. immenſely large, many millions of miles in diameter, it is * a point in 
. compariſon of the ſphere of the heaven; that i is, the angle under which its 


diameter appears to an inhabitant of the earth is inſenfible, leſs than can be 
| meaſured by any obſervation; and therefore the celeſtial poles appear to be 
in the ſame points of the heaven throughout the year: thus, in the figure be- 
72 fore us, though when the earth is at A the place of the celeſtial north pole is 
2, and when the earth is at c the place of the north pole is c, and a ſtar at 
| „eee point c by the whole length of the line 
e yet, if this line ac viewed from the earth ſhould take up no ſenſible ſpace 
in che ſphere of the heaven, as if it ſhould meaſure no more than 2 or 3 ſe- 
conds, which is no more than the errors of the niceſt obſervations may a- 
mount to, the ſtar at 2 will appear at the ſame diſtance from the pole 
the year; and conſequently it will have no annual 
330 We have ſeen the parallax of the fun to be no more than 10, this 


Gnallneſs of the fun's diurnal eee, e that the ſemidiame- - 


ter of the earth bears an exceedingly ſmall proportion to the ſemidiameter of 
_ the earth's orbit, being not more than a 20000th part of it, for ſo many ſe- 
midiamerers of the earth is the ſun diſtant from us: things are great or little 
only in compariſon to other things of the like ſort; the diſtance of the ſun 
may be inconſiderable when compared with the vaſtly greater diſtance of the 
| Rtars: if we ſuppoſe the diſtance of the neareſt ſtar to be 20000 times as great 
as the ſun's diſtance from us, the annual of that ſtar would be no 
more than 10”; too little to be diſcovered by any of the methods commonly 
— — pole by the ſtars the diſtance of the 
neareſt Rars'may-be much greater than this, and their parallax conſequently 
— than te; it is no wonder therefore that aftronomers have found 
the height of the pole in every place to be the ſame throughout the year: but 
_ ſome have been too haſty in concluding from thence that the earth has no 
ſuch annual motion round the ſun as the followers of Copernicus ſuppoſe. 
331 If the annual parallax of any fixt ſtar were ſenſible, that ſtar would 
appear to change its place ſo as to deſcribe a very ſmall ellipſis in the ſphere 
73 of the heaven, in a years time: thus, ig. 73 and 74, let An op be the orbit 
* s the ſtar to be obſerved, if we imagin a ſtrait line to be drawn 
from the earth in any part of her orbit as A through the ſtar to a point in 
che heaven as @, that viſual line A 4, being carried along with the earth in her 
annual motion, will deſcribe two conic ſut faces As c and asc, having their 
common vertex at the ſtar 3; and the motion of the earth round AB C will 
make the ſtar appear to go round abcd. If the ſtar s were in the pole of the 
73 ecliptic, as fig. 73, — WEE Mee nor 
; ert ty 
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ty with the orbit of the earth; and conſequently would differ very little from Fi. 
a circle: if tho tar bo at —— — — 
er that diſtance is the more oblong will the ellipſis be, ſee fig. 74 and 975: if 74 
the ſtar be in the plane of the ecliptic, the ellipſis may be ſaid to be inſinite- 75 
ly ſmall in breadth; for it will become a ſtrait line“, wherein the ſtar will 
appear to go, according to the order of the ſigns, one half of the year, and con- 
n during the other half: ſee fig. 75. 6 

832 The greater the diſtance of the ſtar 8 is from the earth the leſs will 73 
ASC and asc the angles of the cones be; and conſequently the leſs will 
the ellipſis abcd appear: if the diſtance of the ſtar be ſo great that the angles 
of the cones are too ſmall to be meaſured by aſtronomical obſervation, the 
ellipſis abcd becomes as a point, and the annual parallax is ſaid to be inſen- 
fible; chat is no change of place is diſooverable in the ſtar, throughout the 
year. It is the opinion of many aſtronomers that the ſtars appearing to us of 
different magnitudes is in a great meaſure owing to their being placed at dif- 
ferent diſtances from us: if this be true, the parallax will be greateſt, and 
. omni 
— 

833 . v 
aberrations in an elliptic curve, mentioned g 831, muſt cauſe in different 
ſtars, according as they are differently ſituated in the ſphere of the heaven in 
— roſes: 1H enough may be ſeen upon this ſubje& in 
the author quoted in the margin b: it is ſufficient for our preſent purpoſe to 
remark, that ſuch aberration of any ſtar muſt change its longitude and lati- 
por nag erties Wb ry PRI ng ot 3 hog 
clination and right aſcenſion, as was ſaid 5 792 declination of a ſtar is 
ee 6 rr 
known: the right aſcenſion of a ſtar is found by the time of its coming to 
the meridian, 5 78 ©, Thus we have pointed out to us tro methods of en- 
quiring into the annual aberration or parallax of the ſtars: one hy 5 
whether or no any change can be diſcovered in the meridian altitudes of the 
- ſame ſtar at different times of the year; the other by examining whether the _ 

intervals of time between any two ſtars coming to the meridian are equal 

throughout the year: if there be any ſenſible change of declination in any of 

te ary, n wa be greet conſequent ally dior in hl 
Euſtachius Manfredius 1 inerrantium „„ 
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* Asen he pole of the ecliptic: but the change of right aſcenſion here 
enquired after muſt be greateſt in ſtars in the ſolſtitial colure, and neareſt the 
2 1 ſhall treat of both theſe methods in their order. 


834 Galileo ſeems to be the firſt who thought of trying whether any = 


| — parallax of the ſtars were diſcoverable or not: to this purpoſe, ſuppo- 


5 be ac different diſtances from us, and thoſe ſtars to be near- 


eſt to us that appear the biggeſt; he ſuggeſts; that by obſerving with a tele- 
2 — others one of the greateſt the other of the 
leaſt magnitude, their apparent diſtance from one another might perhaps be 
found to vary, as they were viewed, at different times of the year, from the 
earth in different parts of her orbit a. The ſame author propoſes alſo a me- 
thod hereby we may not only diſcover whether a ſtar has any ſenſible an- 
nua parallax or not, but determine the quantity of it alſo, and conſequent- 
h know the diſtance of the tar from usb: the method is this, upon the top 
of ſome very high building let a {mall ſtrait bar be fixed parallel to the ho- 
rizon and perpendicular to the meridian; recede from it towards the north 


lll you can ſee the bar juſt cover or paſs exactly through the center of 


ſome ſtar when it is in the meridian; then upon a wall or ſome ſtrong poſt, 


well fixed place a mark exactiy at the height of your eye; thus you will 
have in effect a very large inſtrument with fights placed in the meridian, ſuf- 
ficient to diſcover the leaſt. alteration in the meridian height of the ſtar, by 
it from month to month, but chiefly when it is at its utmoſt north 
and ſouth; limiter but in taking meridian altitudes by this or any other in- 
ſtrument in order to diſcover the annual the ſtars obſerved muſt be 
. 
neſe-of tefraction will render the obſervations too uncertain for that 
and therefore Halley juſtly remarks that, 22 
conds in the meridian height of Sirius had been obſerved at Paris, no con- 
cluſion can from thence be drawn about the annual parallax; becauſe at Pa- 
tis the meridian beight of Sirius is under 2 5, at which height refraction 
b eee nem 
Hh 835 eee of. choc parallax by the 
change of declination of the fixt ſtars is to view, through a teleſcope placed 
perpendicular to the horizon, ſome ſtar in or near the ſolſtitial colure that 
paſſes through the zenith or very near to itz if the parallax of the ſtar be 
ccc 
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ridian altitudes; and its altitudes at the two ſolſtices will differ moſt from 
each other: thus a ſtar that in june paſſes through the zenith of any place in 
north latitude will in december paſs ſouthward from the zenith and a ſtar 
that in december paſſes through the zenith will in june paſs northward from 
it, as we ſhall ſee by and bya: Hook was the inventer of this method, and in 
the year 1669 put it in practice at Greſham College with a 0 
feet long, and gave an aceount of the proceſs in one of his Cutlerian tefturesbs 
his firſt obſervation was july 6, when he tells us the bright ſtar in the head 
of draco marked by Bayer wich the letter y paſſed about 2 12 northward” 


from the zenith: — july g, when that ſtar paſſed at the ſame di- 


ſtance from the zenith as before: the 3d obſervation was auguſt 6, when'th& 
ftar paſſed northward from the zenith about 2 & the fourth and laſt was 
october 21, . ſtar ng N e ee ue. 

from the zenith. eee 40 


836 In 1689 Flamftzed began A ee Some edle tl 


the annual a a detail whereof we have in a letter of his to Dr. Val. 
lie: he there remarks that neither Tycho nor Ricciolus could diſcover any an- 
nual parallax d, becauſe their inſtruments with plain fights were/ſiableto'er= = 


tors of a minute or more, as appears by many places in Hebo's bhiſloris c. 


kftis: he deſcribes his on inſtrument which had fixed to it a teleſcope of 

7 feet, with croſs hairs: he ſays that, by ſeven years continual obſervations, he 
Sr. the months april, 
may, july, auguſt, or ſeptem ber: and that irs apparent diſtance from che pole 
was greater in april than in ſeptember, and greater in july and may than in 


meridian near the ſame time the ſun: does; but concludes, from his obſerva- 
tions in other months, that its apparent diſtance from the pole in june muſt 


be different from that in december about 40 or 45: we'ought here to take 


notice that, though ſome writers have laid a great ſtreſs upon theſe obſerva- 
tions, as: if they were ſufficient ito demonſtrate a ſenſible annual 'parallax, 
Flamſteed himſelf ſpeaks of them with a good deal of diffidence; he ſays in- 
deed that he could be ſure of taking the height of the ſtar ſo near as 5 pro 
wecken brain the dviion of hi ntrumene were acurar ft | 
Si 4 2 
deere 1 r ee N 7 
e inter Wallifii opera wel. 3. 44 Neither Jycho ner Ricciolss thought of endeavouring to find the annyal 
of the ſtars, both of them believing the earth kept her ſituation in the center of the folas tyllens. 
e The medium of this is about 425 flom hence the annoal parallax of a ftar at the pale.of the 6 . 
b 


1 4 is 4 9 Av . 1 . . : F * 27 n * N . * 4. 2 


april: he could not obſerve that ſtar in june, becauſe it then comes to the 
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but this he juſtly makes a doubt of-, and recommends the uſe of much lar- 
ger inſtruments, as neceſſary for the purpoſe: he owns: that the wall upon 
which his mural are was fixed ſunk a little out of its true poſition ;- and that 
be could not be certain he was ſufficiently exact in the allowance he made 
forthe errors cauſed thereby: he adds that he thought he diſcovered an an- 
_ nual parallax in ſome of the ſouthern ſtars alſo; but rightly remarks that the 
variablenefs of refraction might occaſion all the differences he found in their 
meridian altitudes: he mentions alſo ſome obſervations of Sirius, from which 

che annual parallax of chat ſtar would come out near 30; but declares he 
r of thoſe obſervations which were many of 
them made by his aſſiſtant. 

3837 Mr. Mbiſan b, dom che obſervations of Hook and Flamfteed, com- 
S Bar in the pale of the 
ecliptic would have, is 47”; from whence he calculates the diſtance of the ſtars 
to be about goo ſemidiameters of the orbit of the earth, or 500000000000 
miles: — daiance: this, but Mr. Bradley in a letter to Dr Halley © 
tells him, he believes he may venture to ſay that in two of the ſtars obſerved 
de him the; parallax does not amount to 2 ſeconds; and that he is of opinion 


if it had been ſo much as one ſecond he ſhould have diſcovered it, by the great 


number of obſervations made by him, eſpecially of the ſtar y draconis: this, in- 

— makes the diſtance of the ſtars from us 400000 times 

- as great as that of the ſun; — he nc 
— Flamſiced's obſervations. 

338 In the year 1725 Mr. Molyneux, afliſted by Mr. Brad, 8 
leſcope of above 2 Let placed at his houſe at Kew, began 
to obhſetve the ſame ſtar in Draco that Hook had done, in hopes of verifying 

what he had communicated to the public: but their obſervations came out 

0 contrary to what they expected, as to be matter of great ſurpriſe to them, 

and give them reaſon to call in queſtion the accuracy of Hook's obſervations; 

— kent been liable to an error of at leaſt 30 ſeconds: but in- 

deed; beſides this, had they been more exact, they were too few to conclude 

any ching from them, in ſo nice an affair as the annual 

242839 The ohſervations at Kew were as followeth : from december 3, 

| NIE ee geber, eee eres ewe at the 


ee of 5* bd hk eee 
and no inſtrument can be divided nicely that we can be certain none of the diviſions are the 6ooth part 
of an inch too great or too final.” 


b Wbifei's afironemical leftures, left. 4. © This later, which I am now going to make at | 
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| time 
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rented himſelf with one of but little more than half that length, which by 
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time of its paſſing over the meridian for ſeveral days: december 193 it 


paſſed a little more ſoutherly, and ſo continued gradually to paſs more and 


more ſoutherly at every tranſit over the meridian, till about the beginning of 


march, when it was found to paſs 20 more ſoutherly than at the time of che 
firſt obſervation, and ſeemed to have arrived at its utmoſt ſouthern limit; be- 


cauſe in ſeveral obſervations made about this time no ſenſible differente was 


found in its ſituation: by the middle of april ĩt appeared to be returning back 


towards the north; and about the beginning of june it paſſed over the meri- 


dian at the ſame diſtance from the zenith as it had done in december when it 
was firſt obſerved. From that time the ſtar appeared gradually more and more 
northerly at every tranſit, till ſeptember following, when it again became 
ſtationary, being then near 20' more northerly than in june, and no leſs than 
39 more northerly than it was in march: from ſeptember the ſtar returned 
towards the ſouth, till it arrived in december to the ſame ſituation it was in 
at chat time twelve months, allowing for the difference of —— e 
count of the preceſſion of the equinox. 

840 The like obſervations were made upon 4 ſmall dar almoſt oppolits in 
right aſcenſion to the ſtar in the dragon and about the ſame diſtance from 
the north pole of the equator; this ſtar did not change its declination above 
half ſo much as the ſtar y in the dragon did, in the ſame time; which was 
a ſufficient proof that the apparent change of place in theſe ſtars was not'ow-. 
ing to a nutation of the earth's axts; fince, if that had been the cauſe, the al- 
teration in both the ſtars would have been de, _ Gy p 
tuated near the ſolſtitial colure; ee. 

841 In the year 1727 Mr. Bradley, with ame 6 12 en 
like obſervations at Wanſtead in EEx; he tells us, that, not W e 
convenient for the uſe of ſo long a teleſcope as that of Mr. Molyneux, he con- 


frequent trials he found ſufficient for his purpoſe; fince ies ſituatiom ma be 
ſecurely depended upon to half a ſecond, when it is carefully achuſted: 1 | 
the inſtrument was ſuſpended ſo as to enable him to obſerve fix 1 
: on each ſide his zenith, which gave him an opportunity of taking in yer N 
ral fars very different in magnirude and ſituation, yy CIAO, 
la a ſtar of the firſt magnitude: 
842 After a years obſervations Bradky bene this d of hee . 
in ſtars to ariſe from theſe two cauſes, * che progreſive made f g 
in time, 2 the annual motion of the earth in her orbit: he conſidered 'this 
affair in the following manner: if the eye be at reſt; or ift he in motion a- 


long  ftrait line direeuy towards an object or direct Gem it the'appa- - 


rent 


- ts . BOOK 2, 


. chjafimbll continve the fame, whether light be propagated 


n time or inſtantaneouſly; but if the eye be in motion in any other directi- 
on than in à ſtrait line from the object or towards it, and if light takes up 
any time in its progreſs from one place to another, the place of an object 
Will be changed, and that change will be different according as thoſe cauſes 
77 are differently combined: thus, fig. 7 let c A be a ray of light falling per- 
pendicularly from a ſtar at c upon the line Bp; if the eye be at reſt at A, or 
moves along the line A c, in the direction Ac or c A, the apparent place of 
tte ſtar will eontinue the fame; for it will be ſeen by the viſual ray ac, whe- 
cher the prugreſt of light be in time or inſtantaneous: but if the eye be car- 
ried in any other direction as BD,. and light be propagated in time, with a 
certain velocity which we will, for example, ſuppoſe to be in ſuch proportion 
to the velocity of the eye that a particle of light runs from c to a, in the 
- ame time that the eye is carried from's to A; then that particle of light by 
| — — wanted noone have been at c 
-when the eye was at B; for joyn the points c and B, and imagin the line Bc 


do be a tube of ſuch a diameter as to let but one particle of light paſs through 


it at a time (or if inſtead of ſo ſmall a tube we take the axis of a larger the 
caſe will be the ſame) it is eaſy to congrive that the particle of light which is 
at c hen the eye is at B and arrives at A at the ſame time with the eye will 
paſs chrough the tube carried along with the velocity here ſuppoſed all the 
ay parallel to it ſelf, or inclined to 3 in an angle equal to pBc; and that 
it cannot paſs thruugh the tube thus carried if it be inclined to np in any o- 
ther angle: from hence it follows that, although the ſtar © be perpendicular 
10:the line Bd in-which-the eye is moving, and would be ſeen in the direc- 
tion Ac if the progreſs of light were inſtantaneous, yet by reaſon of the mo- 
tion of Jight being in time, its apparent place will be in the direction of the 


 — ubethrough which it is ſeen, ern 0-007 tome 


Will appear to be at e 

9843 E ˙ if we imagine the time to be divided 
into any number of equal parts, a8 4, and the lines cA and B A to be each 
78 divided into the like; number of equal parts, as in fg · 78: let us, for example, 
o move from c to 4 in 4 minutes, and the eye with the tube to 
de carried from Þ to A in the ſame time; it is manifeſt that at the end of the 
" firſt. minute th wbe being carried into tho ſituation x x, the particle of light, 
rere at the 
end of the ſecond minute the tubs will be in the ſituation y v, and the par 
ticle of light ar f; at the end of the third minute the tube will be in the fi 
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ly the ſtar which is really at c will appear at n. Ir is eaſy to ſee that if the 78 
eye be moved the contrary way from p towards A with the velocity before 
ſuppoſed, the tube, to make the ſtar c viſible through it to the eye arrived 
at A, muſt be carried along parallel to pc, or all the while inclined the con- 
trary way to the line DA in an angle equal to Byc. — We have in this and 
the preceding ſection ſuppoſed the ſtar to be at c and the tube to be of the 
length cB; the caſe will be the ſame if we ſuppoſe the ſtar to be at s Which 
is viewed through the tube c: for the particle of light by which the-ſtar is 
ſeen is ſtill to be conſidered as running through the line ca while the tube 
with the eye looking through it is carried along the line 8 A4... 

844 Perhaps the following familiar inſtance may make the matter before - 
us more eaſy to be conceived: let us ſuppoſe drops of rain to fall, with an 
uniform velocity, in a continual ſucceſſion, and all in a direction parallel to 
CA, upon a plane BD; if we would have a tube at reſt upon the plane to be 79 
in ſuch a ſituation that ſome of the rain may paſs ſtrait through it, it is evi- 
dent that it muſt be ſet in a direction parallel to c a: but if the tube be in 
motion upon the plane, as if it be carried along the line ; p, none of the drops 
will then paſs through it as before, becauſe the ſides of che tube will meet 
with them as they are falling; except we give the tube ſuch a different direc- 
tion as may in a manner compenſate for its motion: what that direction ought 
to be may be thus found; ſuppoſe a drop at c is falling towards a, take AB 
to c A as the velocity of the tube is to the velocity of the falling drop, and 
draw the ſtrait line from c to B; I ſay the tube muſt be carried along with 
its axis conſtantly parallel to cn in order to have the falling drop paſs direct- 
ly through it; it is eaſy to apply this to the caſe of the WY progreſs: 
of light: as before explained. 

845 We have hitherto ſuppoſed the velocity of light to be to = velocity 
of the eye in a conſtant ratio, or as CA to BA: there is no reaſon Why we 
ſhould nor believe the velocity of light to be uniform and always the fame, 
but the velocity of the eye which we here conſider as moving in the line B A 
is not the ſame throughout the year, as we ſhall ſee by and by“: in the mean 
time let us enquire what change of the apparent place of the ſtar c will a- 
riſe from the motion of the eye * ſometimes ſwifter ſometimes flower in 
the line B A. 

846 If we ſuppoſe the velocity of light to be always repreſented by the 
"Bib line c A, and n of the eye by BA, a TY of 77 

a 5852 
24 che 


" article of light will be at A, the tube in the ſituation A H; and conſequent- Fro. 
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F16. the eye than the mean muſt be repreſented by a longer line than Ba; a leſs: * 
77 velocity of the eye by a ſhorter line than B A. 
847 If the line by which the velocity of the eye is expreſt be longer than 
'BA, the angle of the tubes inclination through which the ſtar c muſt be view- 
80 ed by the eye arrived at A will be leſs than AB c: thus, fig. 80, if to expreſs 
the velocity of the eye inſtead of B a we take a longer line F A, the tube ther, 
will be reprefented by the line 2c, and the angle of its inclination will be 
AFC, leſs than AB ca. On the other hand, if the velocity of the eye be ex- 
preſt by a ſhorter line than B A, the angle of the inclination of the tube muſt 
be greater than A B c: thus if inſtead of ; A the velocity of the eye be expreſt 
by a ſhorter line as E A, the tube will be repreſented by x c, and the angle 
of its inclination will be AE c, which is greater than AB Cb. It is all along 
ſuppoſed here that the velocity of light is repreſented by c a 
81 848 If we imagin a great circle E k, fig. 8 1, to be den! in the ſphere 
of the heaven with its plane paſſing through the ſtar r to be obſerved and 
the line A Þ in which the eye is carried according to the order of the letters 
ABCD, we may call E, that point of the circle towards which the motion of 
the eye is directed, the point of the eye s direction. 
The leſs the angle of the tube's inclination is at any time, the more will 
a ſtar ſeen through it be depreſſed from its true ſituation towards the point of 
81 the eye's direction: thus, fig. 8 1, let E be the point of the eye's direction 
towards which the eye is carried in the line AB p according to the order of 
the letters, v the ſtar to be obſerved; if the tube be carried from A to Þ in- 
clined to A Þ in the angle DAF, draw DG parallel to Ar, and G will be 
the place where the ſtar appears through the tube, when the eye is arrived 
at D: if the tube be inclined in a greater angle as DB, draw DH parallel to 
BF, and x will be the ſtars place ſeen by the eye at D; and the diſtance x E 
A greater than G E: if the angle of the tubes inclination be ſtill greater as 
DEF, the place of the ſtar will be 1, which is till farther diſtant from e. 
This change of place is called the aberration of the ſtarsc. 
849 From hence it follows, 1, that the aberration of a ſtar always makes 
it appear nearer to the point of the eye's direction than its true place: 2, that 
- the aberration of a ſtar is greater or leſs towards any point in the heaven ac- 
cording as the eye is carried towards that point with a greater or leſs veloci- 
81 ty: 3, that if the motion of the eye towards any point as E be gradually ac- 
celerated and retarded by turns, the aberration towards that point will be 
gradually increaſed and diminiſhed by turns: 4, that if the direction of the 
eye's motion be contrary to the former, as from p to 3 the aberration will 
à Eucl. J. 1. prop. 16. b Eucl. ibid. C veyex mem. 4 Acad. R. ann. 1737. 
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cle of light will be at A, the tübe in the ſituation A H; and conſequent- Fro. 
ly che ſtar which is really at c will appear at u. It is eaſy to ſee that if he 78 
eye be moved the contrary way from p towards A with the velocity, before - 
© fuppoſed, the tube, to make the ſtar c viſible through it to the eye arrived 
aA, muſt be carried along parallel to pc, or all the while inclined E\con- 
trary way to the line DA in an angle equal to Byc. We have in this and 
the preceding ſection ſuppoſed the ſtar to be at c and / the tube to be f the 
length on; the caſe will be the ſame if we ſuppoſe the ſtar to be at 8/which 
is viewed through the tube c x: for the particle of light by which the ſtar ĩs 
ſeen is ſill to be conſidered as running through the line A while the tube 
wich the eye looking through it is carried along the line way on nt 
2844 Perhaps the following familiar inſtance may make the matter before - 
us more eaſy to be conceived: let us ſuppoſe drops of rain to fall, wichen 
uniform velocity, in a continual ſucceſſion, and all in a direction parallel to 
©4a; upon a plane B ; if we would have a tube at reſt upon plane to be 79 
in ſuch a ſituation that ſome of the rain may paſs ſtrait through ĩt, /it is evi- 
dent that it muſt be ſet in a direction parallel to c A: but if the tube be in 
motion upon the plane, as if it be carried along the line p, none of the drops 
Vill then paſs through it as before, becauſe the ſides of the tube will meet 
with them as they are falling; except we give the tube ſuch 2 different diret- 
tion as may in a manner compenſate for its motion: what that direction ought 
io be may be thus found; ſuppoſe a drop at c is falling towards A, take A8 

o ca as the velocity of the tube is to the velocity of the falling drop and 
nw che ſtrait line from c to 3; I ſay the tube muſt be carried along with 
N aris conſtantly parallel to on in order to have the falling drop paſs direct- 
2 through it; it is eaſy ro apy this co de cay ofthe remporary progres 

of light: as before explained. bee 

846 We have hitherto ſoppoſed the velocity of light to be tothe velocity 

of the eye in a conſtant ratio, or as C A to BA: e eee 
ſhould not believe the velocity of light to be uniform and always the: 
hut che velocity of the eye which we here conſider as moving i the line MX 

n not the ſame throughout the year, as we ſhall (ce by and by a: in che magay; 
time let us ee ee ae de place of the ſtar c will a- 


riſe from the rb PEO hatin 4,6 ene 
the line 1A. 7s 


846 If we ape ne ee ah light to bd U — . 
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io che eye than the mean muſt b repreſented by a longer line than 54 «kf * 
#7. vilding.6f te oy by.a ſhorter ine than nr. 5 1 
847 If the line by which the velocity of doom ied i lon than 
da, the angle of the tubes inclination through which the ſtar © muſt be view- 
$0 ed by the eye arrived at A will be leſs than 4a Bc: thus, fig. 80, if to expreſs 
the velocity of the eye inſtead of B.A we take.a longer line F A, the tube ther 
will be repreſented by the line vc, and the angle of its inclination will be 
AFC, leſs than aBC®. On the other band, if the velocity of the eye be ex- 
preſt by a ſhorter line than » A, the angle of the inclination of the tube muſt 
be greater than aBc: thus if inſtead of n A the velocity of the eye be expreſt 
by a ſhorter line as E A, the tube will be repreſented by E c, and the angle 
of its/inclination- will be az c, Which is greater than A »cd. naeh 
ſuppoſed hiere that the velocity of light is repreſented by c a. | 
81 848 If we imagin a great circle ER, fig. 8 1, e de ere 
- of dhe heaven wich its plane paſſing through the ſtar x to be obſerved and 
the line 4 Þ in which the eye is carried according to the order of the letters 
eee e en deere W eee orien: en eee 
en nee. the point of the' eye a direfion. 
| be n 
a ſtar\ſcen through it be depreſſed from its true fituation towards the point of 
81 the eyes direction: thus, fig. 81, let x be the point of the eye's direction 
towards which the eye is carried in the line AR; CD according to the order of 
the lemers, the ſtar to be obſerved; if the tube be carried from a to p in- 
clined to A b in the angle Dar, draw DG parallel to Ar, and o will be 
_ the place where the ſtar appears through the tube, when the eye is arrived 
at p: if the tube be inclined in à greater angle as vn, draw DH parallel to 
By, and K will be the ſtars place ſeen by the eye at 5; and che diſtance n K 
._- gester than GE: if the angle of the tubes inelination be ſtill greater as 
5 eee 
je! net en ere eee 
„ 949 From hence it follows, ee e d der aweye makes 
[nearer to the point of the eye's direction than its true place: 2, that 
. 
as the eye is carried towards that point with a greater or leſs veloci- 
81 ty: 3, that if the motion of the eye towards any point as E be gradually ac- 
cCctlerated and retarded: by turns; the aberratiom towards that point will be 
gradually increaſed and diminiſhed by turns: 4, that if the direction of the 
ces motion be contrary to the former, as from p to » the aberration will 
oc. J. 1. prop. 16. b Eud. % e wyex mem. d Acad. R. ann. 1737. 
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| CHAP. 18, ASTRONOMY 207 
NR be allo the contrary way towards the poine x which is diametrically oppo- Pie 
| ficetor, fig. 81. 81 

30 i n now-upply what hes been faid in the foregoltig e the 

motion of the eye of a ſpectator carried along with the earth in her annual 
revolution round the fun, having firſt laid down this pofulatum, that the di- 
ameter of the earth's orbit meaſured in the ſphere of the heaven is inſenſible, 
and therefore all parallel lines the diſtances of which from each other do not 
| exceed that diameter may be look d upon as phyſically coincident: thus, fig. 
3, let AB cp be the orbit of the earth, T's = Þ the ecliptic, all the lines 8 | 
Pp parallel to Bp are phyſically coincident with 3D, and if continued both 
| ways to the ſphere of the heaven would terminate in the fame points & and 
| Þ, as to ſenſe, as the line 30 does; this 36/6 ae fav adcan by Bute By <b> 
| ſervation, fince no annual parallax is yet diſcovered.” © f 
851 Firſt ler us ſuppoſe that the ize whotd aberrerica/is G clisgdeg is te 
| be obſerved is ſituated in the pole of the eclipticʒ that pole is in the ſolftiti- 
| alcolure, and it is eaſy to ſee, by inſpecting the celeſtial globe, 3 
any point of the ſolftitial colure is in any meridian the 
| dian and of the ſolftitial colure are coincident; the time of . 
| clinations of ſtars is when they are in the meridian, nearer. re | 
| altitudes, 5 83 3; for all change of meridian altitude found in any ſtar isj 
much change in the declination of that tar: * RAN 
F the ſaltitial 'calure will be changed in the ſuns manner by the colon of 
|. the earth in her orbit as it would be if ſhe were carried backward"and for- 
| ward with different velocities in the common ſection of the ſolſtirialcolure ind 
che ccliptic, that is in the line V fig. 83: for let Mord be che Tolfticial bl 
 colure, y the ndfth pole of the ecliptic, o the pole of the equator; re: 
ux de the ecliptic viewed obliquely, the line = Þ is the common ſeftion 
| of the ſolſtitial colure and theecliptic, let a Bc Þ & be the orbit of the earth = 
| Mantel (he is cirried Sound — ARR pick + F 

being at A in december;\ar's in January, at © in february, Seer this motion, — 

nee it ſometimes makes the eye approach nearer to the point P, and ſome- „ 
times carries it the contraty way towards the point ©, will change the de- 
dclination of any ſtar in the ſolſtitial colure, in the ſame manner as it would 

| rnd Week alert * from 4 to'6 in the half year 

| F. and from G to 4 in the other BO een 

0 december. 1 l * 

352 . xhus conditecc ts andthe tae eh 
| faſter than other, as is ſhewn- by the unequal parts into which the nne 46 
. 
] - "EF 1 
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Fi. thus, the motion of the earth from A to 8; in the firſt month, conſidered with 
Zz regard to her approach towards the point v, is reduced to the line a 4; her 


motion from Bro c in the ſecond month is reduced to the line bc; her mo- 
tion the third month from c to p is reduced to the line cd, &c: now ſince 
the lines ab, bc, cd, &c, which meaſurg the carth's approach to the point 
5, in each month, increaſe in length whilę the earth goes from A to p, or 
from december to march; and decreaſe in the ſame ratio as the earth goes 
from p to 6, that is from march to june: it is manifeſt that the earth is car- 
ried towards the point , from december to march, with a velocity conti- 
nually increaſing; from march to june, with a velocity continually decreaſing: 
in like manner, it is cably ſeen by the figure, that the earth is carried to- 
wards the oppoſite point e, from 6 to /, from / to e, &c, with a velocity 
which continually increaſes from june to ſeptember; and decreaſes. in the 
ſame ratio from ſeptember to december: as alſo that in june and december 
the earth is ſtationary in reſpect of the points ® and v; becauſe when her 
place is at A or G the direction of her motion is not eue e ate 
points, but is at right angles to the line a Bp. 

853 Though the annual motion of the earth bo Glas we may at any 
moment of time conſider it as being in the direction of a ſtrait line which I 
ſhall here call Ehe earth's tangent; that is a line drawn through the center of 
the earth, at that moment, tangent to her orbit; as the earth is continually 
going round in her orbit according to the order of the ſigns, the direction of 
this tangent is continually changing, ſo as to point ſucceſſively round the e- 
clipticz and therefore the earch goes with her whole velocity towards all the 
points of the ecliptic ſuoceſſively: if we imagia a line to be drawn at any time 


through the center of the ecliptic parallel to and in the ſame direction with 


the carth's tangent, it will ſhew the point of the ecliptic wherein the carth's 
tangent terminates, and towards which the earth is carried with her whole 
$4 velocity at that time: thus, fig. 84, let AB Cp be the orbit of the earth where- 
In ſhe is carried round according to the order of thoſe letters, at the vernal 
equinox when the earth is at A ſhe is carried with her whole velocity towards 
the point Þ in the direction of the tangent à x parallel to and therefore, by 
$ 850, \coincident with 8: at the autumnal cquinox when the earth is at 


c ſhe goes with her Whole velocity towards. the n in the direction CF 
coincident with 8 8. | 


854 Thus we ſee the — is ended with the greateſt velocity towards the 7 
8 point v at the vernal, and towards & at the autumnal equinox: 2, that in 


december when the earth is at p and in june when ſhe is at 2 her motion is 
8 5 — 
press 


. 1 89 wh a R mud . 


* 
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whole velocity is towards V at che winter when at v it is towards 
855 From what has been premiſed it follows, 1, that from uber to 
march the ſtar p FPears to recede from the point , and conſequently 8 
grows farther and farther from the intermediate point o, the pole of the e- 


neareſt to the pole o, or has greateſt north declination; 4, from, ſeptember 
to december the ſtar approaches to the point , and recedes farther from the 
pole o, ſo that, its declination continually decreaſing in the ſame ratio-as it 
had before been increaſing, the ſtar appears to, have the fame declination a. 
gain in december, as ir had that time twelve months; allowing always for 
the change of declination cauſed by the preceſſion of the ner 
856 Having ſeen what change of declination the motion of che earth and 


change in the ſtars declination, as was faid 8 842, M 
857 Since the Seateſt change of declinatig would happen to a ſtar in 
the pole of the ecliptic, J nc 5 | 

the plane of the eclipti 


« 


ir latitudes: therefore the aberration of any ſtar in 
the ſolſtitial colure whoſe latitude is given being known, the aberration which 
a far in the pole of the eclipric would have may be found; and converſely. 
tion of a ſtar in che pole of the ecliptie being known, 
D N N pen — 
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ri the aberration incident to any other ſtar in the ſolſtittal colare may be calcu- 


lated, if its latitude be given: thus the greateſt change of declination of y 
draconis which is near the pole of the ecliptic was found by Bradley to * 
39˙ whereas the greateſt change of declination of a ſmall ftar almoſt o 
td it in right aſcenſion and ſituated about 60 degrees diſtant from the ang of 
the ecliptic, was no more than about 19%. From obſervations, made of the 
change in theſe and ſeveral other ſtars, Bradley ſettles the greateſt change i in 
dedination which would happen to a ftar in the pole of the ecliptic at 40, 4; 
for its aberration from ics true place would be 20% 2 towards v at che ver- 
nr and 20, 2 towards at the aututnnal. og) 
858; Hitherro we have taken notice of the aberration of choſe ſtars only 
that are in the foliticial-cohare; in order to ſee what is the aberration of other 
ſtars, we may. conſider the whole affair in another and more general view. 


The point of the ecliptic towards which the carth's 2 N directed is al- 


84 ways go degrees ede ken place thus, fig, 84, let anc be the or- 
bit of the earth, I a the ecliptic; when the is at A the ſun's geo- 
centric” place is Y, che earth's tangent is AE, which being parallel to and 
therefore coincident with s b, is directed towards the point Þ; io like man- 
| ner, when the earth is at ö the ſun's place is , the direction of the tangent 
25 es > nar von when the,carth is at e the,ſun's 
bo ID ee frokekcn 4H 3 =o be ? 
839 aberration cauſ temporary progreſs of light 
ʒ;„,, . 
would at all tines appear, nearer to that point of the ecliptic towards which 
- the eee tangent is directed chan its true place is, and juſt ſo much nearer 
as the aberration amounts to; becauſe the eye is always carried towards that 
; paine with'the whole yelocicy of the earth's mation in her orbit, $ 853: the 
earth's tangent is directed towards every point of the ecliptic ſucceſſively ac- 
| cooling t9.the order, of the Bans, & B53: we may in this caſe look upon the 
-  erbitof che earth as a perfect circle, the exocntricity. thereof mentioned F 669 
being ſo ſmall chat it need not be taken into this account; we may. alſo ſup- 
pole the velocity of the earth in her orbit to be equable, for che {mall ine- 
_quabiliry mentioned F 673 may here be diſregarded. From theſe premiſes it 
follows, chat a ftar in the pole of the ecliptic would annually deſcribe a cir- 
cle; round it, appearing always at the diſtance of 20,'2 from its true place: 
j chus the Jongirude of ® far in that ſituation would. be continually changi ng. 


d 430,80 quire, round the ecliptic Aerordlhg is the order of che figns in a 


| year's. time, Put its latirude would be always the fame; for it would be al- 
3 39.83 „ — 


860 


- 
98 n ** G = aA. co. 8 ad. i. F + 39 
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360 From what has been ſaid it is manifeſt} 1, that the aberratſon of a Fro. 
ſtar in the pole of the ecliptic would be 20,'2 towards the point Þ at the ver-. 
nal, and 20, 2 towards the point & at the autumnal equinox; ſo that its 
place at one equinox would be 40, 4 diſtant from its place at the other: and 
conſequently its declination would be 40% 4 leſs in feptember than in arch. 
2, for the ſame reaſon, the aberration of a ſtar in the pole of the ecliptie, 
would at the ſummer ſolſtice, carry it 20,2 nearer to the point Y than its 
true place; and as much nearer to the point =, at the winter ſolſtice: thus 
fig. 85, let A; eo be the orbit of the earth, ys * the ecliptic, yFSEÞ the 85 
ſolſtitial colure; at the vernal equinox when the earth is at c, the aberra- 

| tion of a ſtar at x the pole of the ecliptic-would catry it 20% from/x'near- 
er to the point v, towards which the earth's tangent is then directed; bar at 
the autumnal equinox, when the earth is at A, che aberration would « 8 

the ſtar 20, 2 nearer to the point S, towards which the earth's tangent is 

then directod: in june when the earth is at p the aberration is towards TS 

december when the earth is at B the aberration is towards “ 


9861 The aberration of any far nor in tbe pole of the ecliptic is in ag * 
liphis whoſe longeſt axis is equal to the diameter of the cittle whicha' ſtur 
in the pole of the eeliptie would appear to deſcribe, and is at right angles to 
the circle of latitude or ſecondary of the eclipric drawn through-the ſtar; the 
ſhorteſt axis is to the longeſt as the ſine of the ſtars latitude is to radius chus 
the longeſt axis being parallel to the ecliptic and always the ſartiey the hdres | 
elt axis is leſs the leſs the latitude of the ar is;  o thar the alliphs'oF aber.  - 
ration of a ſtar in the ecliptic becomes a ſmall arc of che ecliptic o 40% 4, 
Ny on om CS Ne IN EIT onhder- 
ed as ſuch. 5 1) 7 2 
3862 For ſince the aberration e nearer to 
the heaven towards which the earth 't tangent is directed; and uche 
tangent is always in the plane of che ecliptic,; eee 4llenth tO 
ecliptic.can only be in longitude; The greateſt aberration! of in dhe 
Plane of the ecliptic is 20, 2 forward, when the earth s tangent points 90 des 
grees before the true place of the dart and 26;'2 backwatd, when the g, 1s 
ungent is directed cowards the point in the ecliptic 90 degrees behind the 1 
thut, fig. 84, ſuppoſe a ſtar's true place were in che point . When 94 
. wu earth is un c and the carth's taugent points at ©, the abertatiog' of the 
ſtar will be 20,2 forward, from Y towards. &; When the earth: is at A and 
0 che tangent points at V the aberracion will be 267 2 backward, from Y do- 
1 bono gm one Elan, bead. 


e ie VE A 7-0 
e A eee 
b {4 * ; : "4 p 9 


b 312 AS TRONOMY BOOK 2. 
F16; towards which the catth's tangent is directed is in guadrature with the ſtar: 
84 chus when the earth is at A or O the ſtar at would appear in its true place. 
863 If we enquire how the aberration of a ſtar ſtands with regard to its 
: place catapartd; weich the; place of the ſun, we ſhall from $ 858, 861, and 
862 have the following corollaries: 1, a ſtar in the plane of the ecliptic 
84 would appear in its true place when in quadrature with the ſun: thus, fig. 
84, ifis ſtar were. in the point V, when the earth is at x, the ſun's place at 
enz the karth's tangent 3 colneidene with s V 48 directed towards the ſtar: 
when the earth is at v, the ſun's place at b, the tangent is directed towards 
the point E, oppoſite to the ſtar: in both theſe caſes, by F 842, there is no 
abetration. 2, A ſtar in the plane of the ecliptic, would have its greateſt ab- 
Sid forward, ar according to che order of the figns, when in oppoſition 
di the ſun; and ĩts greateſt aberration backward when in conjunction: thus, 
84 84, a tat: in the point Y, would have its greateſt aberration from v to- 
| wards hen the earth is at e, and the ſun at = ; but its greateſt aberration 
- from Y towards i would be when the earth is at 4, the ſun's Place at 7. 
3. Aeſtar belcher in the pole nor plane of the ecliptic, would appear in one 
oß the ttreme n ellipũs of aberration, when in N 
| re with the ſun; and c be in its true longitude, 
but in-its.leaſt or greateſt latitude: in lab laticude when the ſun's, place is 
90 degrees forwarder than the point of the ecliptic which ſhews the longi- 
"rude; of the ſtar; and in greateſt latitude when the fun's place 1 18 90 degrees 
35 behiod-che ſtar's longitude: thus, ig; Bg, if a ſtar be at G and irs lengitude 
wichen ih poi ®, when: the earch is at & and the ſun's place is , go 
beſbazt , the ſtar will have leaſt latitude; for it will have is reh r. 
ration towards : but when the earth is at c and the ſun's place is V, 90 
behind ſtar will have the greateſt latitude; for-it will have its great- 
| eſt aberftion from e towards the pole of the epd 4, A ſtar neither in 
the x plane of the ecliptie would appear in one af the extreme points 
of che langeſt is f -of abetration hen in conjunction or oppo- 
. /wbuld be in its true latitude, but in 
85 its greateſt or leaſt longitude: fig, 85, a ſtar at o the longitude of which is 
in ihe point , will have its longirade moſt increaſed or carried forward, 
73 Oben the earch is at 5 and the ſun's place in the point v and moſt decrea- 
ſech When the ſun is in &: the fame far would be in its . 
Sh when the fun & place 10 . or. W. mane” Eno bruno y,os wtdlw 
its greateſt and 
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on, ſee the remarks 8 877: in any ſtar not in the ſolſtitial colure; the change Fro. 
of declination i is equal to the diſtance berween two circles drawn parallel to 
the equator, and tangents on each fide to the ellipſis of aberration: thus, fig. 

86, let x d be the equator, = & the ecliptic, x the pole of the equator, Þ the 86 
pole of the ecliptic, AB the ellipfis of aberration of a ſtar; draw the parallels 
ep and yo, the diſtance between thoſe parallels, meaſured by the arc CF, is | 
the difference between the greateſt and leaſt declination of rhe ſtar. _© | 
865 We have ſeen what change in declination is cauſed by the ail 
of ſtars; it is time to conſider what change in right aſcenſon may be expected 
from the ſame cauſe: if a ſtar were in the pole of the equator, or fo near it 
that the pole were ſurrounded by the ellipſis of aberration; it is cafy to ſce 
that the ſtar would appear to go round the pole, and conſequently its right 
aſcenſion would be varied through all the points of the equator, according to 

the order of the ſigns, in a years time; but we know of no ſtar that is not 

more than 4o' diſtant from the pole, and therefore too far off ro ſurround it 

with its ellipfis of aberration; ſo that we may ſay the aberration in right a- 

ſeenfion of any ſtar is an arc of the equator which meaſures the angle made 

at the pole of the equator by two ares of great circles drawn tangents on each 

fide to the ellipſis of aberration of that ftar: thus, fig. 87, let v be the ſol- 87 

ſtitial colure, Y the ecliptic, 'Y.cp = the equator, y the pole of the e- 

cliptic, x the pole of the equator, AB the ellipſis of aberration of à ſtar 

the true place whereof is in the center of that ellipſis, draw the arts v and =» 

ND touching the ellipfis in A and B; the arc cp is the whole aberration in 

right aſcenſion of that ſtar; for when the apparent place of the ſtat is A the 

point of its Frag nnen is e: when = ſtar apa. at 5 1 alcen- 

ſion is D. ne 
866 of two ſtars in ahi Goltitial lere a8 ſtar will 1506 eh eats 

erration in right aſcenſion” which is neareſt to the pole of the equator: for 

; ſince the angle made by the tangent arcs is in both caſes ſubtended"by*the 

longeſt axis of the ellipfis of aberration, which is always the ſame, 40% 4, the 

angle will be greater the nearer the ſubtending line is to the vertex of it, that 

is to the pole of the equator: thus, fig. 87, if the true place of a ſtar be in the 87 

center of the ellipſis A B,, its aberration in right aſcenſion is the are ©», or the 

angle cw»; if a ſtar be in the center of the ellipſis ab, its aberration 11 

aſcenfion is the arc E r, leſs than c; or the angle ꝝ M leſs than c %æ 
867 Of two ſtars equally diſtant from the pole of the equator that ftar 

will have the greateſt aberration in right aſcenſion which is neareſt the ſbl- 


ſtitial colure: for, if a ſtar be in the ſolſtitial colure, the angle madd at che 
| r 1 by che longeſt axis of the 


TYP 
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Fro. ellipſis of aberration; but if a ſtar be not in the ſolſtitial colure, the angle 
made by the tangent arcs will be ſubtended by ſome other diameter of the el- 
lipfis; and, the farther the ſtar is from the ſolſtitial colure, the ſhorter will 
be the diameter of the ellipſis which ſubtends the angle that meaſures the ab- 

8 erration in right aſcenſion: thus, fig. 87, if a ſtar were in the ſolſtitial co- 
lure vd in the center of the ellipſis à n, the angle A x 3 is ſubtended by AB the 
longeſt axis of the ellipfis: but if the ſtar be in the center of the ellipſis 75, 
the angle of aberration in right aſcenfion rx will be ſubtended by ſome o- 
ther diameter, which is ſhorter than the longeſt axis. 

Scholſiam. Though, ceteris paribus, the aberration in right aſcenſion is 
greateſt i in ſtars neareſt the pole of the equator, yet may it more caſily be 
obſerved in thoſe that are at ſome diſtance from the pole: for ſtars that are 
Very near it appear to go round in very ſmall circles, and with a very ſlow 
motion, and therefore the time of their paſſing the meridian cannot be aſcer- 
tained with exactneſs, without much longer teleſcopes than are required for 

1 ſtars near to che equator: the more the telefeope nie this more eaſily 
= - may the tranſit of a ſtar be determineds, 
| 868 How to find the right aſcenſion of a dar, by comparing it with the 
+ ſun, has been ſhewn, F 787; but the method there pointed out, though fuf- 
. ficient for the common uſes of aſtronomy and navigation, will not ſerve in 
| fo nice an affair as the aberration of ſtars; for the right aſcenſion of the ſun, 
which is changing every day of the year, cannot be known for any particu- 
lar time, within a few ſeconds; the theory of the fan's motion is not aſcer- 
tained accurately enough for that, and if we were to attempt to deduce the 
Sun's right aſcenſion, by taking his meridian altitude every day, we could 
not do it with ſuch exactneſs as the preſent caſe requires; as well by reaſon 
of the unavoidable ſmall errors to which obſervations are liable, as becauſe 
fore of the elements of calculation are not determined to a ſufficient degree 
of certainty. Nor can we, for this purpoſe, take ſome one ſtar from which 
as from a fixt point we may begin to reckon the right aſcenſion of other 
ſtars; becauſe that ſtar which we here ſuppoſe fixed will alſo have its aber- 
. rations, as well as thoſe ſtars which we compare with it. The beſt method of 
finding the aberration of ſtars in right aſcenſion is, to chuſe two ſtars which 
differ conſiderably in right aſcenſion, and obſerve whether the intervals of 
time between their tranſits crois the meridian n the fame theough- 
out the year or nord, - 
869 In order to make theſe enen « clock muſt be had thar goes as 
| equably as poſſible; or rather two clocks, that they may correct one ano- 
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© ther: the intervals between the tranſits of the ſtars are to be turned into 


7 
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time a: we ſhould be well aſſured that the inſtrument with which we 
is always in the ſame plane at the times of obſervation; for this Nd in- in- 


ſtead of one teleſcope moveable upon a mural are, it would be better to have | 


two, fixed to a ſtrong old-built wall, in ſuch a manner that one of them 
may point at the parallel of one of the ſtars to be obſerved, the other at the 
parallel of the other ſtar; each teleſcope being furniſhed with\cfoſs hairs, 
one of which is to be perpendicular to the horizon. It is of no conſequence 
whether the mural inſtrument or the teleſcopes be fixed preciſely in the plane 


of the meridian or not, provided we be ſure they continue all the time im- 


moveable; fince the intention here is not to find the true right aſcenſion of 
either ſtar, but to obſerve whether the difference of their right aſtenſions be 
- conſtantly _ fame, mee, N. r he or be different er e 
of the year b. Mer 44 
870 Obſervations of chis fort have! been made by ſeveral #ftronomers*; by 
fone with a view of finding out whether any annual parallax of the fit 
ſtars could be diſcovered by a variation in their right aſcenſions, or not: thus 
they have obſerved with great care what number of ſeconds Lyra comes to 


the meridian after Capella; as alſo how many ſeconds Capella comes to the 


meridian after Lyra, throughout the year: the like obſervations have been 
made of the tranſits of Capella and Arcturus, of Arcturus and Aldebaran, of 
ArQurus and Sirius, and of ſeveral other pairs of ſtars: in all Which there 
has been found an inequality in the intervals of time between their tranfits; 
und this inequality has been obſerved to have its regular periods of increaſe 
and decreaſe, which it went through in the ſpace of a year; and that not in 
ſuch order and degree as was to be expected from the annual parallax of the 
ſtars, but, in many inſtances, quite the contrary; and fo agreably'to-Brad- 
ley's hypotheſis, in the belies th number of ſtars, that Manfred: owns ſuch an 
agreement could by no means be looked upon as accidental®: though that a» 
ſtronomer at the ſame time declares againſt the belief of the annual motion 
of the earth, and ſcems unwilling to admit of the progreſs of light being 
temporary, and! is for ſuſpending his judgment till fone e ee be 
thought of for the ſolution of theſe a | 


ppearances. 
We may now go on to ſhew\in what manner, cho aberration of th bb 
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5 Manfredium loco cititto. e Romer, Sue Marakii, Mantredi: . Horreborli 400 . 


ftronemi 10, te. parallexi_erhi st er Manfredii plan de neviſfimis circa jarorum hd] 
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Fi. being known, the ae of light may be found; having firſt mi che 


following 
871. The velocity of light being ro the velocity of the eyes as CA to A, 5 


77 Mk requires the tube to be carried along always parallel to Bc, or conſtant- 


inclined to n p in an angle equal to AB c, in order to have the ſtar s ſeen 
gh it by the eye arrived at A: the converſe is true, that if the ſtar s be 


ſen by che eye at A, through the tube n c carried parallel to it ſelf along with 


the eye from ꝝ to A conſtantly inclined in the angle anc; then the velocity 
of light is to the velocity of the eye as c a is to Ba, fig. 77. 

872 It has been ſhewn, $8 57, that the greateſt aberration in declination 
which a ſtar that were ſituated in the pole of the ecliptic would have amounts 


83 co 40, 4 in fig. 88, let G be the true place of a ſtar in the pole of the e- 


clipric, E its apparent place in march, and x in ſeptember; the arc Er or 
the angle ECF 1s the greateſt difference of the ſtar's declination, found to be 


40,4, $857: the angles BCD and ECF, being vertical, are equal; therefore 


Aes che half of 30 is 20,”2: the angle B; Ac is a right one, here then is a 
right- angled triangle x A c with one acute angle known; and conſequently, 


dy 5 141, che ratio of x A to c A, that is the ratio of the velocity of the eye to 
the velocity of light, may be known: now BA will be found to be to c A, as 


1 to 102 10, ſo that the of light is to the velocity of the eye (which 
in this caſe is the ſame as the velocity of the earth in her orbit) as 10210 to 
I: che earth runs through her orbit in 36 5d 5h 48 57', or 31556937 ſeconds, 
which carries her through a length equal to the ſemidiameter of her orbit in 
5022442 ſeconds; but light goes 102 10 times as faſt, and therefore paſſes 
through chat ſemidiameter, or as far as from the ſun to the earth, in 492 


ſeconds, that is in 8 minutes and 12 ſeconds. 


873 Romer, who firſt diſcovered the temporary progreſs of light, by ap- 


5 parent ineq ualities i in the times of the returns of the eclipſes of the ſatellits of 


jupiter, (which will be treated of hereafter) determined the velocity of light 
to be ſuch. that ir paſſes from the ſun to us in about 11 minutes; others, from 
the ſame cclipſcs, have concluded that it runs that length in abour 7 minutes 
of time: the velocity of light here deduced from the aberrations of the ſtars 
is as it. were a mean berwixt, what has at different times been determined 
from the eclipſes of jupiter's ſatellits. 
874 From what has been ſaid, Bradley * „ 1, chat 
eee different methods of finding the velocity of light thus agreeing in 
the reſult, is a confirmation of the truth of the Reals which accounts 


for the annual aberration of the ſtars, and inequalities in the times of the re- 
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turns of the eclipſes of the ſatellites of j jupiter, by the temporary progreſs of 


light and the annual motion of the earth in her orbit: 2, that the light of all 


the ſtars arrives at the earth with the ſame velocity; for the annual aberra- 
tion is the ſame in ſtars of the 5th or 6th as in ſtars of the ad or 3d magni- 


tude, which is a proof that the lights of them all enter the tube of the obſer- 
ver upon the earth with the ſame velocity: 3, that light is propagated from 
all the ſtars with an uniform velocity, ſo as to run thrbugh equal ſpaces in 
equal times, at all diſtances from the ſtars: this follows from the ad conclu- 
ſion, ſince the light from ſome ſtars when ir arrives at the earth muſt have 
run through a vaſtly greater length than that from other ſtars, except we 
ſuppoſe all the ſtars to be at the ſame diſtance from us, which is highly im- 
le, on account of the difference in their apparent magnitude and bright-' 
neſs: 4, if the light of the ſun be propagated with the ſame velocity as that 
of the ſtars (which we have no reaſon to doubt of) light moves with the fame 
velocity after reflection as before it; ſince the light of the ſun reflected from 
a ſatellit of jupiter traverſes the orbit of the earth in the ſame N of time 
as the light does which is emitted directly from the ſtars. | 
875 Bradley having found, by comparing the obſervations of ſeveral ſtars, 
that they all conſpired to prove that the. maximum, or greateſt aberration of 
a ſtar in "ns = of the ecliptic would be about 40 or 41 ſeconds; ſuppoſes 
it to be 40˙1: this, from the agreement of his obſervations, he was induced 
to think could not err ſo much as a ſecond from the truth, and that there- 
fore the velocity of light is determined from theſe obſervations within 5 or 6 
ſeconds; which is ſuch a degree of exactneſs as we can never Hope o attain 
from the eclipſes of jupiter's ſatellits. 
876 Having thus determined what the aberration of a ſtat in the pole of 
the ecliptic would be, he calculated, upon that ſuppoſition, what change of 
declination the ſtars chlirved by him ought to have at ſeveral times of the 
year; and compared them with the changes which he obſerved them to have: 
and here he found ſuch an agreement between the hypotheſis and the obfer- 
vations, through all the parts of the year, as amounts to a kind of demonſtra- 
tion that the hypotheſis gives at leaſt the true law of the aberration of diffe- 


rent ſtars; and, ſince it does this without allowing any thing at all forannoat + 


parallax of che fixt ſtars, he concludes chat parallax muſt be much ſmaller. 
than hath been hitherto ſuppoſed by thoſe who have pretended to deduce it 
from their obſervations: and ſays he is of opinion he ſhould have diſcovered 
it, rer et we. Bre . We : RPE? 
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Remarks upon F 835. 
%%% ˙ͤ Gus hare urn idiomerable by an 


change of their declination, that change would be greateſt, and cit oe th | 


| make eaſy to be obſerved, i in thoſe ſtars that are neareſt the pole of the eclip- 


tic. If a ſtar be in the ſolſtitial colure, any change in declination is juſt ſo 
much change in latitude; and the converſe is true: but the change of decli- 


nation and latitude, though i it be of the ſame quantity, is not always the ſame 


86 way, but in ſome ſtars it is the contrary way, as will eaſily be ben by the 86 
figure; where E NQ is the ſolſtitial colure, s Þ the ecliptic, x d the equa- 


tor, v the north pole of the ecliptic, x the north pole of the equator: 1, if 


a ſtar be in the arc vd between the pole of the ecliptic and the neareſt point 


of the equator, all increaſe of declination is ſo much increaſe of latitude, and 


all decreaſe: of declination is ſo much decreaſe of latitude; and converſely: 


' thus, ſuppoſe the true place of a ſtar be p, if at any time its apparent diſtance 


from Q e neareſt point of the equator were to be increaſed any number of 
ſeconds, as for example if the apparent place of the ſtar were to be at n, its 
apparent diſtance from Þ the neareſt point of the ecliptic muſt at the ſame 


time be increaſed the ſame number of ſeconds, or the ſame arc yu: in like 
manner, if the ſtar p were ever to appear nearer to q, it muſt at the ſame time 


- appear. nearer to b: 2, what I have now ſaid is alſo true of any ſtar that is 


ſituated in the arc M , between the pole of the equator and the neareſt point 


2 that all increaſe or diminution of declination is ſo much in- 


lactic ell thus, whereas a ſtar neither in the 
| is panllagic ellihs in che pole nor 


or diminution of latitude; and converſely: 3, but if the place of a ſtar 

in the art v u, between the pole of the ecliptic and the pole of the equator, 

all . of declination is ſo much decreaſe of latitude; and all decreaſe 
of declination ſo much increaſe of latitude; and converſely: 4, this laſt pro- 
is alſo true of ſtars fituated in the arcs C and x & ; but they are too 

far from the pole of the ecliptic to fall under our preſent conſideration. 
878 H any ſtar had a ſenſible annual parallax, its parallactic ellipſis would 


have the ſame ſhape and poſition, whether it were of the ſame magnitude or 


not, as. its ellipſis of aberration; but there would be the diſtance of three 
months between che time when the ſtar appears in any given point of its el- 
lipfis of aberration, and the time when it would appear in a ſimilar point i 
plane o 
would be in. one of the extreme points of the ſhorteſt axis of its 
ellipfis of aberration, and conſequently have the greateſt or leaſt latitude, 
when in quadrature with the ſun, 5 863; the ſame ſtar would appear in that 

ems of the ſhorteſt axis of its parallactic ellipſis REN c 
| | 5 ptic 
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cliptic, and have leaſt latitude, when in conjunction with the ſun: and in Fre. . 
the oppoſite extreme, and have greateſt latitude, when in. oppoſition to the 

ſun. Since the ſhorteſt axis of the parallactic ellipſis of a ſtar in the ſolſtitial 

colure coincides with that colure, the times of the greateſt and leaſt latitude 

of ſuch ſtar are the two ſolſtices; and theſe are alſo the times of its — 

and leaſt declination by, & 877 


879 In fig. 89, let apcp 4 the orbit of the earth, A the place of the earth % 


in december, c in june; a ſtar at F that in june is ſeen in the line cx, and 


paſſes through the zenith of any place fituated in the parallel pz, will, in 
december when the earth is at A, be ſeen in the line Ar, paſſing ſouthwards | 
from 6 which is then the zenith, to the diſtance of 6 x: in like manner, a | 
ſtar at 6 that paſſes through the zenith of a place in the parallel px in de- 


cember, when the earth is at A, will paſs northwards from the zenith. i in 
* being then ſeen in the line c. 


Remarks upon 9 836, and 837. 


880 If the parallax in latitude of a ſtar whoſe diſtance from the 5 of | 
che ecliptic is given were found, the parallax that a ſtar at the ſame diſtanes 
from us in the pole of the ecliptic would have might be known: for the 
parallaxes in latitude of two ſuch ſtars are as the fines of their latitudes; 

882 The parallax of a ſtar in the pole of the eclipric being given, the di- | 
fance of ſuch a flar from the earth may be thus found: in fig. 90, let An be 90 Dy 
the orbit of the earth, s the ſun, Þ a ſtar in the pole of the ecliptic, draw vs 
and PA, in the triangle Ps A, the angle at s is a right one by the conftruc- 
tion, and therefore, if the parallactic angle sv a be known, the proportion of 
AS the ſemidiameter of the orbit of the earth to ys the diſtance of WEE. | 
from the ſan may be known by 5 143. | 

882 It is eaſy to conceive, that any change of latitude or longi ide i 10 | 
ſtar ariſing from its appearing to go round in a parallactic ellipſis would cauſe 
a change in declination, or right aſcenſion, or in both; and that in a great- 
er or leſs degree, according as the axes of that ellipſis are ſituated in-reſpe&t . N 
of the equator: 1, if the ſhorteſt axis, the extream points whereof are he. „ 
places of greateſt and leaſt latitude, coincides wich a ſeeondary of the qu | 
tor, which is the eaſe only of ſtars in the ſolſtitial colure;- the times of gieat- 
can leaſt declination are the ſolſtices, as has been ſhewn F 878+ 2, if che | 
longeſt axis is nearer than the ſhorteſt axis to coincidence: with a 
of the equator, which is the caſe of ſtars near the pole of the equator, rand 
nearer to the equinoctial colure than to the ſolſtitial; the times of greateſt an 
leaſt declination will be nearer tothe equinoxes than tothe ſolſtices? but the- 


vimes 


320 | ASTRONOMY. BOOK 2, 


Fi. times of greateſt and leaſt right aſcenſion would be nearer to the ſolſtices than 
do the equinoxes. The pole ſtar is very near the equinoctial colure; it was 
no more than 21 diſtant from that colure, and about 25 20 from the ſolſti- 
tial, when Flamſteed obſerved it: he found its declination in december about 
40 greater than its declination in june; ſuch a change agrees as well as could 
be expected with the obſervations and theory of Bradley, but hath by miſ- 
takes been thought to proceed from an annual parallax: had that been the 
Wt the greateſt difference of declination would have been found at the two 

91 equinoxes, as may be ſeen by fig. 91; where let MR be the equinoctial co- 
lure, vo the ſolſtitial, y the pole of the ecliptic, the pole of the equator, 
ron the parallactie ellipſis of the pole ſtar, r H the ſhorteſt axis, coinci- 
dent with r C a ſecondary of the ecliptic paſſing through the ſtar; when the 
ſun is in conjunction with the ſtar, which is a little before the ſummer ſol- 
ſtice, the ſtars apparent place is at n, in leaſt latitude; when the ſun is in 
oppoſition to the ſtar, which is a little before the winter ſolſtice, the ſtars 
Place is at F, in greateſt latitude: but the poſition of the line p n is ſuch, that 

. It is nearly a tangent to the circle AB co the parallel of the ſtars diurnal re- 
volution; ſo that, whatever be the change of the ſtars latitude meaſured by 
the line yn, its change of declination meaſured by the diſtance between the 
two pointed parallels will be much leſs. If any ſenſible change of declination 
were cauſed in the pole ſtar by annual parallax, ir would be moſt eaſily diſ- 
covered about the equinoxes; for near thoſe times that ſtar is in one of the 
extreme points of the line ꝝ 6 the longeſt axis of its parallactic ellipſis, which 
ais is nearly coincident with the equinoctial colure: thus the ſtar is near 
the point & in leaſt declination a little before the vernal equinox; and near 

_ the point E, in greateſt declination, a little before the autumnal: if we i- 
magin a parallel GL o to be drawn tangent to the parallactic ellipſis near 
che point G, and another parallel to be drawn tangent to the ellipſis near the 
point =; the diſtance between theſe two parallels is the difference between 

_ the ſtare declination at one equinox and its declination at the other: but this 
difference is too {mall to be ſenſible. The greateſt parallax of the pole ſtar, 
91 at the ſolſtices is in right aſcenſion; this in fig. 91 is + canine by the angle 
run the parallax in right aſcenſion of the pole ſtar is to its parallax in la- 
rirude, very nearly as the arc of the equator which meaſures the angle NU 
is to the arc yn: or, as radius to the fine of the ſtar's diſtance from the 
pole EINE e e Jet! been" eee eee 


* 7 - 
— 


* 


e of by Famer, i 0 ever to Plano — is af afro 
* 10+ 3jd by Caſter, mem. Jeet ann. 4699. * 


HARA ; | 883 


* 


A 


+ * 9 
8 1 — 
* 1 1 | 
| 4 # % 
% ICH BETS 9 , 
G , «+ 
- | : 
1 — 5 : 0 | 
* — - — ; G 
6 . | 
. | : | 
; M 
& = 
\ * 
N Ls . | 
L Y U ; 
a © 
* 4 
6 * 
= q | 
* N. | 
f 1 
* 7 | 
% ö F | . 
3 5 : 232 
7 , 5 * 21 a 4 4 We 8 : 
, * i? - N N 23 ˙ * Cor ee” — : CY | 5 ; — a | 
4 2 2 E va, SAS * 22 2 
: — —— — — — . —— ln inthe Ab in C FOR ok ie. oe rd ; 2 
J 
o 
. - 
: J g 
” x p ; 
| * 
- - y 
- 
* ' ' 
* } \ 
' 
* * 
a — 
1 
, % 
( \ 
. } 
- 
* 
20 
* 
* 
* 
0 
. a | 
* 
f 5 f f . - 
* P | 
. . 4 ; 
4 | 
; . 
g 
; ” 4 
| | — 
Y . jr 
. 22 
has | | a 
| 4 0 Wer,, . 
” . 4 - : | 1 | 
. ; | 
- = F 
* 
* | 
| 4 ! . ” 
7 4 
- 
\ , | 
* " 
8 . 
” 
* 
* 
- 
* 
- £ 
- N , 
= 2 
* 7 ; | 
G , 
: — 
- 
Ly 
” 1 


"FOX 


o 


7 


ts 


N 


by 


N 


= 


. 


1 


* 


7 


* 


— 


- — 
— — 


- 


WI 


8 * * 


— — 


/ ** 
* 
» * 
1 
* 
J 


——U— — — — 


* 


CHAP. 18. | ASTRONOMY | 321 
883 The learned Gregory remarks®, that Flamſteed's method of determi- Fi. 
'ning the annual parallax of the pole: ſtar, by its diſtanoe from the pole being 
greater near the ſummer than it was near the winter ſolſtice, ſuppoſes the 
axis of the earth to be parallel to it ſelf at both thoſe times; which it would 
not be, if the ſouthern hemiſphere of the earſh ſhould happen to be more 
denſe than the northern: for in that caſe, the ſouth pole, being nearer to the 
ſun in december than in june, would be more attracted by him; and this at- 
traction of the ſun would cauſe ſuch an alteration in the poſition of the earth 
axis, at the two ſolſtices, as would make ſtars in north declination and north 
latitude appear at thoſe; timeg to change their declination the ſame way as 
they ought to do from \annukl;parallax: thus, fig. 92, let AB cp be the orbir 92 
of the earth, A and She Sei i che ſouch pole s be heavier than the north | 
pole N, it is nearer o' the fuß hae more attracted towards him f 
in the direction s @yi the earth is at A; than in june, I 
when the earth is at d and ch, at the winter ſolſtice, the axis f 
the earth will incline fem the-fituation NS towards the ſituation E r, more A 
than it does at the ſatamer-folffice: Now to this, befides what has been ſaid / 
dy N biſtonb, it may tie anfſwered;that ſuch a nucation or dipping of the north/ | 
pole as is here ſuppoſe would cavſe a like change i in all the ſtars that are in 
or near the ſolſtitial colure; which is contrary to Bradley's obſeryations, /*- | 
| 884 There is indeed don of the earth s axis, demonſtrated 2 | 
priori, from the earth being an pblate ſpheroid, as was mentioned { 80653; 
but this nutation is the ame wat boch ſolſtices: thus fig 93, in december 93 j 
when the earth is at A the protuberant parts about the equator, which iy 
be conſidered as a ring round the earth, are moſt attracted where they are 
neareſt to the ſun, as at & and that in the direction G; in june, when the 
earth is at B, they are neareſt the ſun at e, and moſt attracted in the directi- 
on e but both theſe attractions tend to change the ſituation of the axjs 
the ſame way, from s to EF: this nutation biſton has calculated to be 
not above 42”, and conſequently too lie, ro fall under the niceſt sf 
ion. 
885 There are ſeveral ſtars „ie chad 
of Caſtor, the middle one in the ſword of Orion, the ſtar in the breaſt of 
Virgo marked by Bayer with the letter y, &c. which, appear ſingle to the. . 
bare eye, but are by the teleſcope diſcovered to be double; and ſome authors d 
aftronom; L b afronom. I. ald. mathemat. led. 21. © n. lc. 
4 e in Lotus,” 3 prop. 54, fa 9 that the firſt of aries 2 — 2 
ſtars appear ſometimes divided into two ſtars; this expreſſion implies that at other times they appear Gngſe, 
3 ſays no ſuch thing: the truth is, theſe ſtars appear ſingle and perhaps a Little oblong, I” 
ſhort teleſcope, e cell 


= ASTRONOMY BOOK 2. 
Fis. tell us that the ſame ſtar appears ſingle at one time and double at another: 
„„ if chis laſt aſſertion be true of any ſtar ſeen through the ſame teleſcope, it 
muſt be owing to one of theſe three cauſes, either 1, one or both the ſtars 
ſo viewed change their ſituations, which is not very probable a: or 2, one of 
chem has one fide much darker than the other, fo as to be viſible or inviſi- 
ble to us at different times, according as the rotation of that ſtar round its 
axis turns its bright or dark fide towards usb: or 3, the diameter of the earth's 
-orbir'is not quite inſenſible, in compariſon of the diſtance of thoſe ſtars from 
us; but cauſes an annual parallax in them: if this laſt were the caſe, there 
would be ſtated times of ſuch ftars appearing ſingle or double, according as 
the earth is in ſuch or ſuch part of her orbit ; but I do not find this aſſerted 
any aſtronomer; had ſuch an obſervation ever been made, it would de- 
'cide in favour of the annual parallax; upon this conſideration, I was my 
ſelf induced to obſerve all the double ſtars here mentioned, at different times 
of the year, through two very good teleſcopes, one of 14 and another of 17 
feet: I have not yet repeated my obſervations often enough to determine po- 
ſitively in the affair, but from thoſe T have made I am perſuaded they will 
be found to appear always the ſame, without any ſenſible change of diſtance 
bt firvation: this will not ſeem ſtrange, alder what has been faid about che 

5 ET ſmallneſs of the annual parallax, $ 876. 
= | DDr, by « fac eppatring 
234 fingle at one time of the year and double at another, may be feen by fig. 94; 
where let a BCD be the orbit of the earth, E and v two ſtars at conſiderably 
| different diftances from the folar ſyſtem; EE dren through tim 
nud continued touch the orbit of the earth in any point as a, when the earth 
i in that point they will appear as one ſtar: when the earth is in any other 
Point as B. they muſt be ſeen by two viſual lines B E and BF; and their ap- 
parent diſtance is meaſured by the angle x By: when the earth is in the point 
e oppoſite to à, their apparent diſtance meaſured by the angle z ev is the 
greateſt poſible; and then, if ever, they will appear as two ſtars: if the di- 
e 06 eee, eee the folne Tyitera be ſo great in vam- 
of the diameter of the orbit of the earth that the angle xe becomes 
 inſenfible, there will be the appearance but of one fingle ſtar throughout the 
95 your "Bye ane wiy of reaſoning, fig. IR HS eee e 


AC r ee fon amm 
| hereafter, has Gmetimes a conſiderable number of dark ſpots upon his ſurface 3 the ſtars may ſome of them 
baue the like ſpots : and ſome ſtars may be fo cruſted over with ſpots as to be rendered wholly or in pan 
_ dark und invikble to us: . ˙ ren 09s 0 eh Ne 
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two ſuch ſtars E and v as are at a great diſtance from each other as well as Fic. 


from the ſolar ſyſtem does not touch the orbit of the earth, but comes near 95 
ſome point thereof A, if the diſtance of the neareſt ſtar E from the ſolar ſy- 
ſtem be ſo great in compariſon of the diameter of the earth's orbit that the 
difference between the angles F AE and F CE, even magnified by the teleſcope, | f 
is inſenſible, though they appear through it as two ſtars very near together, 
there will be no ſenſible variation in the apparent diſtance between them, 
throughout the year; and to the eye unaſſiſted they may ne have the 
a of a ſingle ſtar. 

887 The middle ſtar in the ſword. of Orion is found 0 be n club of, 
three ſtars, which form a triangle having two of its ſides nearly equal, and 
the angle between thoſe ſides a little obtuſe; the ſtar at the obtuſe angle is 
much larger than either of the other two, which are nearly equal; theſe three 
ftars, together with four others adjacent, are ſurrounded by a faint hazy light 
like that of a bright whitiſh cloud; this light is brighteſt near the ſtars, and 
grows gradually more faint and diluted at a diſtance from them, till it be- 


comes inſenſible. Huygens who firſt diſcovered this wonderful appearance, as 


he juſtly calls it, has given us a draught of it, but the ſtars are all drawn near- 


| by of equal magnitude, and the luminous ſpace is more defined than it ought 


to be; Which faults were in all likely hood owing to the miſtakes of the en- 


graver: I have therefore, in fig: 96, given another ſcheme of it, ſuch as I have 96 


often ſeen it through a teleſcope of 17 feet, and. emen 
apparent magnitudes of the ſeveral ſtars. halts 
I ſhall conclude this chapter, when I have rok hs reader that « general b 


account of Mr. Bradley's inſtrument with a figure of it may be ſeen in Smith's 


optics vol. 2 p. 4543 and that a more particular deſcription of a like inſtru- 
ment, made portable for the uſe of the members of the R. Academy at Paris 
who went in the year 1736 to meaſure a degree upon the meridian within 
the N. polar circle, may be. found in a book Og Oe POP 
tre Paris er Amiens nen r He. * Paris 1740. 
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888 The diſtances of the ſtars from us and their magnitudes are very pro- 
per to be conſidered together, becauſe the knowledge of either of theſe will 
help us to derermine the other: for, ſuppoſing the apparent magnitude of an ob- 
ject, or the angle under which it appears to be known, geometry teaches us, 
of —— of the object be alſo known, nnn 

8 12 or, 
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Fi. or, if 5 its real magnitude be known, how to find its diſtance e us. How 


* 


— 


the diſtance of a ſtar would be found, if its annual parallax could be aſcer- 


tained, has been ſhewn in the chapter immediately preceding: we have there 


ſeen that the diſtance of the ſtars comes out from Bradley's obſervations to 
be at leaſt 400000 times as great as the diſtance of the ſun from usb; an ama- 
zing diſtance this, and beyond the power of the imagination to reach; per- 

haps we may have a better idea of its vaſtneſs, if we meaſure it by the veloci- 
ty of ſome moving body, as Hefiod does the height of heaven, when he tells 
us that an iron anvil would be nine days in falling from heaven to earth, and 
would not reach the earth till the tenth day e. A cannon ball has been ſound 


to go about 100 french toiſes in a ſecond, which is a little more than 7 en- 


sliſh miles and! in a minute d: ſound, according to many accurate experi- 
ments of Mr. Derhom, goes at the rate of an engliſh mile in g half ſeconds 
and 2, or 13 miles in a minute e: the diſtance of the ſun from the earth, ſup- 
poſing his parallax 10' as before ſettled, is 10300 diameters of the earth, or 


82 millions of engliſh miles; ſo that a cannon ball going with the velocity 


above mentioned would be above 2 1 years in paſſing from our earth to the 
ſun: ſound would go this length in 12 years: light is found to run from the 
ſun to our earth in a little more than 8 minutes. If the diſtance of a ſtar 
from the earth be 400000 times as great as the diſtance of the ſun, its light 


muſt take up above fix years in coming to us: ſound would be 4500000 


years, and a cannon ball 8600000 in going through that ſpace.  . 

889 This diſtance of the ſtars is concluded from a ſuppoſition that the 
parallax is ſuck, that the whole annual parallax of a ftar in the pole of the 
ecliptic and at the ſame diſtance from us with thoſe obſerved by Bradley 


90 would be one ſecond; in which caſe the angle s A, fig. 90, would be half 


a ſecond: that accurate aſtronomer does not ſay that he found the parallax 


| „55 ſo much as one ſecond, but that he thinks it cannot be 


more than that: from whence we may reaſonably conclude, that the diſtance 
of the ſtars from us is at leaſt as great as was juſt now mentioned: we are 


not ſure that it is not much greater, ſince, for aught appears to the contra- 


ry, the parallax of the ſtars may be much leſs than a ſecond. The ſtars ob- 
ſerved by Bradley * ſome of them of the 2d and 3d magnitude; how 


a 5 880 and 881. bg 837). cn Theogeniav. 722. Heſud here gives us a much 
more grand idea of the height of heaven than Homer, who makes Vulcan fall from thence to earth in a 


day; Ia A. v. 592: but perhaps thoſe poets had different views; Heſod had a mind to repreſent the 
| great height of heaven; Homer to ſhew the ſwiftnels of Yu/can's fall, when thrown down from thence by 


7 ves copies e eee the fall eee 
- Nine days they fell——— Paradiſe loft book 6. v. 87 11 
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much greater then, in all probability, is the diſtance. of thoſe of the gth and 
6th magnitude? and how much greater ſtill is that of thoſe -xeleſcopic ſtars 
which cannot be ſeen without very long teleſcopes, and of numberleſs others 
which we may very reaſonably believe to be ſo far off as to be out of the 
reach of any teleſcopes that can ever be made? We cannot indeed conclude 
that the ſtars are all of equal dimenſions, and that all the differenoe in their 
apparent magnitudes is owing to their being at different diſtances from us; 
nor have we any reaſon to believe they are all at the ſame diſtance from us, 
and that thoſe which appear largeſt are all-proportionably of greater real'mag- 
nitude: it ſeems moſt probable, that, though they are of various ſiges, and 
ſcattered through the vaſt expanſe of ſpace at various diſtances ftom us and 
from one another; yet many of them are nearly of the ſame ſize, ſo that, in 
general, and as to a great number of them, the reaſon why ſome appear leſs 
than others is becauſe they are placed at a greater diſtance from us From the 
brightneſs of the ſtars, the exceeding Clinef of their diameters when di- 
veſted of ſpurious rays.by the teleſcope, and their vaſtly-great-diſtanes from 
the ſun and from the earth, we may certainly conclude, chat their light is 
not received from the ſun, and reflected to us, as that of the planets isg but 
they are ſelf-· ſhining bodies like our ſun: they are placed ſo far * 
other, that if every ſtar be, like the ſun, ſurrounded with a number of 

nets and comets, there is no reaſon: to believe chat one of theſe-Feſttins des 
diſturb or otherwiſe affect any of the reſt; and particularly their ĩimmenſe di- 
ſtance from the ſolar ſyſtem makes it utterly improbable” that they ſhould 


| have any kind of influence upon our earth, ot any of the planets. 


890 Some aſtronomers, deſpairing to diſcover the annual parallax, have 
thought of other methods of finding out the diſtance of the ſtars; which, 
though they may be looked upon as conjectural, deſerve to be mentioned, for 
che ingeniouſneſs of their contrivance. The apparent diameters of the ſun 
and planets are eaſily meaſured with ſufficient exactneſs, the diſtance of the 
ſun and of any of the planets from our earth may at any time be computed, 
near enough to the truth for the purpoſe now before us; from theſe data the 
diſtance of a ſtar may be found, ſup it equal to the ſun in ĩts real di- 
menſions, and that its apparent lapping is equal, or in a'known'ratio'to 
one of the planets: thus James Gregory, by ſuppoſing firius to be of the fame 
bigneſs with the ſun, and to have the ſame apparent diameter with jupiter 
in oppoſition, inveſtigated the diſtance of that ſtar; as may be ſeen at large 
in Gregory's aſtronomy, book 3, prop. 57 &c. The learned Hagens tells us 
that he found it ſo difficult to meaſure the apparent diameters of the fixt 
furs, by reaſon of their ſmallneſs, in as much as "Ol appear even og 


— 
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_ the teleſcopeibur as lucid points without any ſenſible magnitude, when the 
glare of the ſpurious rays that ſurround them is taken away; that he was in- 
duced to try ſome way of diminiſhing the ſun's apparent diameter, till it 
was reduced to the ſmallneſs of a ſtar: in order to this, he covered one end 
of a twelve foot empty tube with a very thin plate of braſs, wherein he had 
pierced a very ſmall hole not above the 140th part of an inch in diameter, 
and, with his eye at the other end of the tube, looked at the ſun, which by 
being thus viewed was diminiſhed to an 18d part of his whole diameter, 
but ſtill appeared much brighter than firius does by night: in order therefore 
to diminiſh ſtill farther the ſun's diameter, he took from a micro- 
ſdope a ſmall globule of g laſs of about the ſame þigneſs with the hole, and 
placed it therein; this, according to calculation, reduced the ſun's diameter to 
| „ pheromone, mere 
or co 276th part of his whole apparent diameter; and yet this 
of the ſun was —_ in brightneſs to firius: from whence he concludes the, 
if the ſun were ar 27664 times his preſent diſtance from us, he would appear 
equal: t firius; and conſequently, if ſirius be of the fame magnitude with 
the fun, che diſtatice of that ſtar muſt be 27664 times as great as the ſun's 
0 enen en e e eee 
| 897 Ifrwo'globes of equat dimenſions be ar different diſtances bm 58, 
their apparent diameters will be reciprocafly as their diſtances, ſee & 242 and 
243: thus; if che diſtance of a ſtar which is of the ſame bigneſs as the ſun be 
_ z0000 times the diſtance of the ſin from us, the apparent diameter of that 
ſtar will be but a zooooth part of the apparent diameter of the fun: from 
whetice the converſe follows, that if the apparent diameter of a ſtar which 
is of the ſame' bigneſs as the ſun be a 30000th part of the ſun's apparent dia- 
meter, the diſtance of char ſtar Tom: vs ENT WEI IRE Ne Or- 
ſtance of the ſyn. | 
892 ———— 16 Baden i ines of Grin ty the follow- 
ing method®; to abate the ſparkling of that ſtar, he viewed it through a te- 
leſcope of thirty four feet, covering the object glaG/with a thin paſtboard 
which had in the middle a round hole of an inch and an half diameter; 
through the teleſcope thus prepared, the diſk of ſirius was ſeen very well de- 
fined, and free from thoſe glaring rays which appear to the bare eye: jupi- 
ter was above the horizon at the ſame time, and, —— 
ſame teleſcope, and by ſeveral methods compared with fir ius, the diameter 
err ee ene n 
„ 1 „ 1717. 


the 
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the apparent diameter of jupiter was at that time 50 ſeconds, from whence 
it follows that the diameter of firius was about 5 ſeconds: if we ſuppoſe 
then, ſays that author, ſirius to be equal to the ſun in bigneſs,” the diſtance 
of the ſun from us being about 10000 diameters of the earth, and the appa- 
rent diameter of ſirius being to that of the ſun as 1 to 384, the diſtance of 
firius from the earth comes out 3840000 diameters of the earth. Thus C 
ini makes the diſtance of firius but 384 times as great as the ſun's diſtance, 
which is much leſs than Hugens brings it out, who yet makes it but a fifteenth 
part of what the diſtance of the ſtars obſerved by Bradley is concluded to 
be, from their parallax: it is very. probable ſirius is much nearer: to us than 


thoſe ſtars, fince he appears ſo much bigger. The methods made uſe of b 5 ha | Pp 
Gregory, Hugens and Caſſini may well be called conjectural, becauſe hex, 


depend upon two uncertain ſuppoſitions; one, that the ſun and ſirius are e- 
qual in magnitude; che other, chat the apparent diameter of ſirius is deter- 
mined with ſufficient exactneſs: I need not ſay any thing of the unce 
of the firſt of theſe ſuppoſitions, and as to the ſecond, Cafjint himſelf has gi- 
ven us an obſervation of his in another place, which makes it evident that 
we may eaſily be deceived in meaſuring the apparent diameter of a fit ſtar, 
as to determine it to be much greater than it is; enen to: think as 
aſtronomer has done in the preſent, caſe. 
893 The account he gives of his obſervation is as follows, Gs iel 
In the breaſt of Virgo called / by Bayer, which, though ſingle and round 
to the bare eye, through a teleſcope of 11 feet, ſeems oblong; and through 
one of 16 feet, appears divided inte two ſtars, ſo near together that the di- 
ſtance between them is no more than equal to the apparent diameter of one 
of them: it was known that the 21ſt day of april, 1720, new ſtyle, about 
midnight, the moon was to paſs over theſe ſtars, and eclipſe them; ſo. cuvi- 
ous a ſight deſerved to be attended tos the moon was then near the full, and 
ſhone ſo bright as to cauſe many of the ſtars then above the horizon to diſap- 
pear; this muſt alſo. diminiſh the apparent magnitude of theſe ſtars, which 
through a teleſcope of 16 feet were ſeen ſtript of their ſpurious rays, Wich 
their diameters. very well deſmed: as the dark edge of the moon drew near 
to them, it cauſed no change in their colour or ſituation; at ob 25 1 after 
midnight, che occultation of the moſt weſterly of the two ſtars, by the appulſe 
of the dark edge of the moon, was obſerved through the 26 feet teleſcope; 
and at oh 25 4, the moon covered alſo the moſt eaſterly ſtar; each af them 
diſappeared in an inſtant, or half a ſecond, without any preceding diminuti- 
on of magnitude or brightneſs: nh $0 165 es e 
a menvires d acad ann. 172 W 
view 


— 
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Vier again, from behind the bright edge of the moon, to which they were 
then parallel: the reaſon of there being ſuch an interval between the times of 
cheir Sdebltations was, their being then —— — cog to ee: art 

edgy of che moon v difk; n eee e 

ggf There were two circumſta seng db busch wer deſires 

to be ken notice of: the firſt is, that each ſtar difappeared in an inſtant, or 


in about half a ſecond;” whereas there was an interval of 30 ſeconds in time 


Ms n the two occultations: from the difference between the time the moon 

took up In hiding each ſtar and the time the was going through the ſpace 

5 en the two ſtars, it is evident, that the Uiftatice Verween THE center of 
theſe ſtars is to the diameter of one of them as 3o'to'?) or as 60 to 1; from 
whence it follows, that the apparent diameter of 6ne of the ſtars (being e- 
qual to half the diſtance between their centers) is to its true diameter as 
30 to 1: thus we ſee that, notwithſtanding the diminution of the glare of 
thoſe ſtars by the teleſcope, their a diameters were ſtill 30 times 
N chan they ought to be; and conſequently their apparent diſks were 

to 900 times their true dimenſions: we may judge from hence, 

| how exircamly finall the fixt ſtars would appear, if we could ſce them per- 
__ "feaMly freed" from that falſe light which ſo greatly increaſes their a 
magnitude: and from this ſmalineſs of their apparent diarnieters, if they be 
r WIT UCLSY Ex 
nn great, ſee 5 891, ee Hh * 

899 Fhe' other 
| 2 is not any atmoſphere round the moon; ſince, if there had been 
any, one of theſe ſtars, falling obliquely into it before the other, ought, by 
reſtaction, to have ſuffered ſome change in its colour, or in its diſtance from 
the other ſtar which was not yet entered into the atmoſphere: but no ſuch al- 


teration could be perceived, though the obſervation was performed with the 


utmoſt attention to that particular, and was very proper to have made ſuch 
a a diſcovery; becauſe, thoſe two ſtars being of the ſame magnitude and 
"neſs, if any changs had happened to either of them, it would have been eaſy 
- ore taken; nodic& of it; bor chie we ſhall have occafion to conſider again, 
"WIE one area of nw ee 
:-896-Coſffini, in order to determine the real magnitude of Sirius, having 
| feſt mencioned che great digen of finding the diſtance of the ſtars from 
- - annual „ ſuppoſes Sirius eo be at no greater diſtance from the earth 
than ſaturn, which fays he'is'abovt' 100000 diameter 1 of the earth, and is 
the leaſt chat can be aſſigned by whatever hypotheſis we explain the motions 
ol the heavenly bodies Mas bene ger tur he far are ner 


remarkable was, that this obſeryation makes it probable 


2 bd. ths n 4- _—_ 


1 —_— 
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bLameter, they would be many ſeconds of time in getting entirely ſeparated 
from the limb: but the contrary appears to all thoſe who have obſerved the 


[ 
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off chan the planets: from this diſtance of Sirius, and its apparent magni- 
tude 5, he calculates the true diameter of that ſtar to be more than two dia- 
meters of the.carth®, But this diſtance of Sirius is certainly much too ſmall, 


conſequently his real magnitude deduced from thence muſt be too ſmall 
iſe, if we allow his apparent diameter to be ſo much as 5. The comer 


| 8 1680 is computed, when in aphelion, to be at a diſtance 


from the ſun 14 times as great as the diſtance of ſaturn b: we cannot hut ſup- 


poſe the neareſt ſtars to be at a greater diſtance from the ſun than any comet 


of the ſolar ſyſtem ever goes to: if we ſuppoſe firius to be but 20 times the 
diſtance of ſaturn from the fan, . et A II 
diameter will be 48 diameters of the earth. 

897 The apparent diameter of g here afligned wfiriue, thongh lefhithes 
it has been eſtimated by many aſtronomers e, is certainly too great; perhaps 
tm error is conſed by Gafiaruting: ns be e cid; eh 
aperture at the object glaſs; for this will make any of the larger ſtars ſrem to 
have a ſenſible diameter d; whereas, if, inſtead of contracting the aperture the 
eye-glaſs be thinly ſmoked, they appear like lucid points, wichout any ſenüble 


magnitude? to this purpoſe Dr. Halley ſays as follows, * The diameters af 


©\pi 


*light gradually, as they muſt do if they were of any ſenſible magnitude, that 
*they vaniſh at once with all their luſtre; and emerge likewiſe-in a moment, 
nat ſmall at firſt, but at once appear with their full light, — 
*emerſion happen very near the cuſp, where, if they were four ſeconds in di- 


©ccultations of theſe bright ſtars. Now though firius be bigger than either 


*of them, yet he is by far leſs than two of them, and conſequently his dia» 


I — ef obaths lefs than the ſquare root of 2 to 1, or 


IA to ö 
10; ſo that, in Ceſſini s teleſcope which ſhewed the diameter of firius: &, 


one of theſe ſtars ought to appear about 4 ſeconds in diameter: whereas we 
*are otherwiſe certain that they are leſs than one fingle ſecond in diameter; 


che great ſtrength of their native light forming the reſexyblange _ a n | 
hem it is nothing elſe but the ſpiſſitude of their rays . 


tene, verge, pr Mr. Caffi i= 41s Pais 170. hiv. 1. chad.'s, | te 


Halley, the aphelian diſtance of this comet from the fun is 4 little more than 138 times the mean diſtance 


of the earth from the ſup, v. Newton. prixcip. I. 3. prop. 41. Vibe makes the gppazent de 


of a ſtar of the firſt magnitude two minujes, v:. Ricciol. a/mag. J. 6. c. 9. d Flamfteed, 
the fame fault of leſſening the aperture, nnd ovale Hi. cleft vol. 1. 5. 17. 
n * bin aun i vol. 6. N 


* 
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pica virginis and aldebaran are ſo ſmall, that when they happen to im- 
merge behind the dark edge of the moon, they are ſo far from loſing their 
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Fi. 898 Since the apparent diameters of the ſtars, even thoſe of the firſt mag- 
nirude, are thus ſmall, not amounting to a fingle fecond; we cannot hope 
to determin the meaſure of them with any certainty: we may aſſign them a 
meaſure which we certainly know they do not exceed; but we cannot be 
fure that meaſure is not too great for them: all luminous objects appear lar- 
ger than opake ones of the ſame dimenſions; thus, mercury appears larger 
when in all his brightneſs than when he is ſeen like a dark ſpot upon the 
fun®; though he be neareſt us in the ſituation laſt mentioned. The apparent 
diameters of che fixt ſtars are much ſmaller than they have been generally 
determined by thoſe who have conſidered them, and yet ſmall as they are, the 

real magnitudes of them are probably very great; otherwiſe they would not 
be viſible to us at all, by reaſon of their immenſe diſtance from us: if we 
ſuppoſe the apparent diameter of any of the ſtars obſerved by Bradley to be 
equal to a 40000oth part of the ſun's apparent diameter, or a 200th part of a 
ſecond, and this does not ſeem too much to aſſign for the apparent diameter 
of one of them, which is a ſtar of the ſecond magnitude bʒ it will follow from 
that ſuppoſition and from what has been ſaid of the diſtance of that ſtar, that 
it equals the fun in bigneſs. In ſhort, we have no proofs that any of the ſtars 

are leſs than the fun; it is very probable: many of them equal and many ſur- 
paſs that luminary in their real dimenſions: and this may be true, not only 
ef thoſe which are of the greateſt luſtre, but even of thoſe which are ſcarce- 
ly viſible: to us. How great ſoever be the real magnitude of any body, we 
may aſſigu ita diſtance from us large enough to make it appear under an an- 
die of any given ſmallneſs: thus, if the ſun were' 10000 times as big as he is, 
we might ſuppoſe him to be removed to ſuch a diſtance from us, as to ap- 
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Boks e e er bene under 
which che fun or the planet a appears to an inhabitant of the earth: thus, fig · 
97 97, let s be the ſun, the eye of an obſerver upon the earth, za and £3 

lines drawn from the eye of the obſerver tangents to the globe of the ſun and 

terminated in the ſphere of the heaven at A and B; the angle A EA is the ap- 

parent diameter of the ſun, the meaſure of that angle is AB, an are of 2 


1 r his diameter in the former fituation 16*, Hif. calef. wel. 1. p. 17. Bradley in tho 


9 Phil. want abr, vol. 6. p. 2338. n Fear 
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great circle in the ſphere of the heaven, and the apparent diameter of the ſun 


is laid to be ſo many minutes and ſeconds as that arc contains: — 1 ; 


244, ſee alſo F 292. 

900 The apparent diameter of the ſun was pretty well enen 
cients; wo ſhall the by Ae hin thet e oi 
a minute, in determining it: when they ſet down whart-it was at the-ſun's 
greateſt diſtance, and what at his leaſt diſtance from us; I do not think they 
had any method of finding out the difference by immediate obſervation; but 


they firſt ſuppoſed the ſun to move equably in a circle, and, finding the ſpace 


of time from the vernal equinox to the autumnal was ſeveral days longer 


than from the autumnal to the yernal, they confidered how much the earth 


muſt be placed out of the center of the ſun's cirele a to cauſe ſuch an apparent 
inequality in his motion; and how much nearer he muſt be to us in winter 
than in ſummer: and from thence inferred how much greater his 
diameter muſt be in winter than in ſummer. The moderns have been able 
to obſerve directly what difference there is in the ſun's apparent diameter, 
at different times of the year; and from thence have concluded what change 
there is in his diſtance. from us: and this is done, either by looking at the 
ſun, where the teleſcope and micrometer are of great uſe; mn 
the ſun's picture upon a white plane in a dark room. 

901 The ſun's verdeal: os perpaacicular; dä e 
height of the upper and lower edge of his diſk, as mentioned g; 292: this is 
moſt conveniently done when the ſun. is in or near the meridian;-becauſs 
there is then no ſenſible change in his altitude, during the ſpace of t- or 


three minutes: the height of each edge muſt be corrected by proper allow» 


ance for parallax and refraction, and we ſhall have the true diameter, which 
is the difference between the true height of the upper and lower edge. This 
method is very ſimple, and gives us the ſun's apparent diameter with as 
much exactneſs as can be expected from the diviſions of the inſtrument, which 
ſhould be a large nnn 
e the other horizontal, 

902 The ſecond bed e 
obſerve by a good clock the time the ſun's diſk takes in paſſing through the 


plane of the meridian, or ſome other hour circle. At or very near either f 
the equinoxes, when zhe ſun's apparent diuraal motion is in the equator, oF | 


Aer; | 


verſe, and the ſun and planets to move round the earth in excentric circles, in a manner that will be ex- 


plained hereafter. Academe. 
becauſe hairs were firſt in uſe. 


4 5 85 „ 


1 which is the time of:year when che ſun is neareſt us, Ca 


2 2M new ſtyle,. when the ſun is at the greateſt diſtance 
found his true apparent diameter 31* 342 24”, or 31 32" : Caſfini here 


the vertical diameter of the ſun with a micrometer; and found it 
_ leſs than the horizontal, as it ought to be by the different refraction of the 


3 r - . 
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> Pp in a parallel very near that circle, ſay, as the time between rhe ſun's-leaving 
the meridian or any other hour circle and returning to it again, is to 360 


degrees; ſo is the time of the ſun's tranſit, to the number of minutes and ſe- 


conds of a degree contained in his apparent diameter. The time of the ſun's 
tranſit may alſo be turned into parts of a great circle, by the table page 79: 
| At any. other time of the year, when the ſun is in a parallel at ſome diftance 
from the equator, his diameter meaſures a greater number of minutes and 
- ſeconds in chat parallel than it would do in a great circle, and takes up pro- 
portionally more time in 


paſſing over the meridian; we may then uſe this 
analogy; as the whole fine; is to the coſine of the ſun's declination; ſo is the 
time the lun is paſſing through the meridian reduced to minutes and ſe- 
conds of a. degree, to the arc of a great eircle which meaſures the fun's 
apparent horizontal · diameter. This method. is eaſily put in practice by two 


. perſons, one of which is · to look through a teleſcope with croſs hairs, and 
give a ſignal by pronouncing quick the word nom, or ſome other monoſyllable, 
at the moment the ſun's: weſtern edge, as alſo when his eaſtern edge appears 


to touch the perpendicular hair; the other is. to meaſure the interval of time 


between thoſe two moments, by the ſwings of a pondulum, or the hand of 


a clock that ſhews ſeconds: the whole may alſo be performed by one obſer- 


ver, if he makes uſe of a ſtop-watch;. or has'a clock placed near enopgh for 
5 him to hear the beats: . whilſt he is viewing 


the tranſn. 
903 In the year 1732 on the 23, 24. and 30 of december, new ſtyle, 


Nui meaſured, with a 


mictometer carefully adjuſted, che vertical diameter of the fun; and after pro- 
2 per allowances for parallax and refraction, found his greateſt apparent dia- 


meter to be 32 37 24, or 32. 37 In the year 173 5. on the 30 of jane, 
from us, che fame Cn 


takes notice that his obſervations agree ſo exactly with thoſe mads forms 
before by Lawville,. that-there-is not-the difference of a ſingle ſecond between 


them. Lowville appears to have taken tho apparent diameter of the fun with' 
the vemoſt care; he meaſured the horizontal diameter by the time of the ſun's 
paſſage by the vertical hair of his teleſcope,- he made uſe of a clock which 
beat ſeconds, and a ſtop-wateh which made five beats in a ſecond: he took 


juſt ſo much 


rer. 
diameter 32 37 7”, and from thence computes his leaſt to be 37 34 5 b. 
r „ he 
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CHAP. 20. AS Ameo MY 


The greateſt and leaſt apparent diameters of the ſan, according 2 er FIG. 
the father and Flamſteed, are ſomething digeent from be r ence 
ſee F 775, and the - PIE 


* 


A table of the ſan's sapputentdlameter a his ger mean and leaſt di 


dance; n 24-5 0 e e 
| 2.003 51 1 1 22 2-8 e 1 
1 | 5 14 uy | greateſt |" mean :| leaſt | + 
2 3 I + diſtance |; diſtance+| diſtance? | - + 
9 FR 35 7 8 A of O 1 of. O 75 of © B 
raſh) Lf on 115m ma mm, a4 
Ariftarobus,- Arobimedes' 3e o % & 1130+ 0 | 
Ptolemy” 5 33 20 82 10 133 2 20 r 
6.2% 2 28 3 4 4 þ 
319 32 27 34 0, 1 8 | 
31,49 32 44 133 54 | 
, Dr BED 
31 © [31 40 32 8 14 
Er 132 13. [52 a6 
EL IS OS - is hs ET. 
31 3002 32 48 n : 
31 38 [32 11 32 4 ĩ | 
31 32- 5032 4 36032 37 be 
31 32: 30 — $5 $94 9 32 37 2 | ly | 
904 In onder to take the ſun's apparent diameter by"che-projetion — 
picture, . 


metal 20, fig. 98, · che / diameter of the · hole cd, which — | 
two inches; muſt be known in equal parts of ar ſmalt a frale astis poſſible; 
for inſtance let it be found how many hundredth parts of an inch it contains: 
ler the plate · r o, · be ſo placed at the time of the obſervation, thut u ray from 
the center of the ſun may ſall perpendicularly upon it: receivesthie circular 
image of the ſun upon a plate , which ſhould Be white and place p. | 
rallel to the plate y'6; the diſtance between the two plates ea, muſt be ktibwii,- E 
in equal parts of the ſame ſcale, by which the diameter of the hole bd was! 
meaſured: ler che diamerer of the ſun's imagy gar rs pair” 6. 
. . J. 3. e. 10. . 1428 e „* 
aftreneniques,” 5. 22. EL 4 . lg. wal. 1. 9.23. 
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'F16; compaſies, and cocafarediupon the fame ſcales if the diameter of the hole cd 


98 be ſubſtradted from it, there will remain the true apparent diameter of the 
ſun, viz. ir, in hundredth parts of an inch; and conſequently the ſemidia- 
meter 75, is known: imagin the line es drawn, and you have the right an- 
gled triangle ear, two ſides of which viz. es, and ar, and the right angle 7e, 
are known, and conſequently the remaining angles may be known by trigo- 
nometry; and therefore it may be known what the angle ger is, by which 
the ſun's ſemidiameter 57, is meaſured. 
- . 905 One method of finding the apparent diameter of a planet is, to com- 
pare it with, and eſtimate what proportion it bears to, the diameter of the 
moon, or of a fpot in the moon, or the interval between two ſtars near to 
one another; and not far diſtant from the planet. 2, another way is to place 
between the planet and the eye a thin plate of metal with a ſmall hole in it, 
at ſuch a diſtance from the eye, chat the entire diſk of the planet may ap- 
pear exactly to fill the hole; and then, by meaſuring the diameter of the hole 
and the diſtance of the plate from the eye, to determine by tri gonometry the 
viſugl angle ſubtended by the diameter of the hole, which in this obſervati- 
on is che ſame as the apparent diameter of the planet. 3, à third method ſi- 
milar to the ſecond is, to ſuſpend a thread or wire between the eye and the 
planet, at ſuch a diſtance from the eye that it may juſt cover the diſk of the 
planet, and to determine trigonometrically the viſual angle then ſubtended 
by the thickneſs of the thread, which is done by meaſuring its diſtance from 
_ the eye, and finding its real thickneſs, by winding it cloſe round a rule and 
obſerving how many threads cover an inch in length: by this method Gali- 
leo attempted to meaſure the diameter of lyra, and computed it to 
be z ſeconds. 4, a fourth way is to meaſure the picture of the planet caſt 
through a teleſcope upon white paper in a dark room, and compare it with 
the diameter of the ſun or moon caſt in the ſame manner. 5, to mention no 
more ſuch uncertain merhodsh, the diameters of the are beſt taken by 
the micrometer; venus and mercury have been ſeen in the ſun, ſo that their 
diameters have been compared with the diameter of the ſun: the apparent 
diameter of jupiter may be found by redueing into ſeconds of a degree the 
time a ſatellit, or, which is better, the time the ſhadow of a ſatellit takes in 
paſſing over his diſk. 6, the diſk of a planet may alſo be meaſured, when 
chere in an occultation of it by the moon, by counting the number of ſeconds 
that paſs between the appulſe of the edge of the moon's diſk to the edge of 
the-dilk;-of the planet and the time of the planet being totally hid by the 
moon; bur chin the horary niotion of the moon and of the planet at the time 
ee I e | F 
641348 0 
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of obſervation muſt be known, as alſo whether the edge of the moon's diſk | 


| comes upon the planet directly 3 oy if n * what 
degree of obliquity. | + 


906 The ſmalleſt checkt, as the'finieſt-hair or we, \pliced in the ficus of 


a teleſcope a appears greatly magnified and very diſtinct: if a thin plate of me- 
tal be placed therein having a round hole of a diameter x little leſs than the 


diameter of the eye-glaſs, it will diſtinctiy circumſcribe ſo much ſpace. in 


the heaven as is viſible through the teleſcope at one view: this ſpace may be 
meaſured, either by finding two ſtars whoſe diſtance from each other is ex- 
actly equal to its apparent diameter, and is otherwife known; or by obſer- 
ving the time a ſtar in or vety near the equator takes in paſſing over, it, ſee 
8 902. Some aſtronomers have determined che apparent diameters of the pla- 
nets by eſtimating how many times they were contained in the apparent di- 
ameter of the ſpace thus circumſcribed by the teleſcope b. Hugens adviſes to 
prepare two or three long narrow. braſs plates, with ſides very ſtrait, but a 
little converging, and, having two ſlits ſo made in the oppoſite ſides of the 
teleſcope, that the plane of a long plate fliding therein may touch the plane 
of the plate with the round hole, to thruſt it in till the planet be juſt hid; 
and, obſerving in what part of the long plate the breadth of it-is juſt ſuffici- 


ent to cover the whole planet, to take that breadth with a fine pair of com- 


paſſes, and compare it with the diameter of the hole: from whence the ap- 


parent diameter of the planet is eaſily found e. The diameters of planets mea- 


ſured by Hugens's method are ſomething, bigger than the y ought- to be, be- 


cauſe the rays of light are inflected as they pals-by the edge<d-{OUg. beds, | 


as was mentioned $ 220+ 


go7 The micrometer is an inſtrument now very well We, itis o con- 


trived that two parallel fine wires 8 2 in the focus of a teleſcope, 
one fixed the other moveable,.or both 


to approach or recede one from the other till they appear exaQtly t touch: 
two oppoſite points in the diſk. of the planet; and then the index ſhews the- 


apparent-diameter of the planet. in minutes and ſeconds: ſee the deſcription- 5 


of this inſtrument in Smith's opties book 3. chap. 85 ſee alſo Phil. tranſact. 


abr. vol. 1 p. 218. Flamſteed made uſe of a mierometer with two plates, one 


of which was made to approach to or recede from the other, till the planet 


appeared to be claſped between the edges of the two plates: this method gave 


the apparent. diameters of the planets as much too ſmall as Hugenr gave them 
too great; and that by reaſon of the rays being inflected the contrary way, ſee 


2 The focus of the teleſcope is a place within the tube where the focus of the objeBi-glab and the focus of 


1 bv. Riceiel- alm. /: 7. 4:6. c: 9. e Hugenii em. ſaturn. 


them moveable, they may be made 


S220: 


Ane determine the apparept 
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Faso: upon this accpunt, Vhbiſtos very adviſedly chaſe the mean berween 
| punters of agen arches: of eee w_ 

908 I ſhall now give a table of the — — diameters of the primary pla- 


net as chey ate ſtated by different nothing exact can here be ex- 
| ltd ro ch cies; among che wodeens, thoſe anrked vi a0 Ge 
3 — | 
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12 The © Weed een of the particles of light fro « the hady of 


he muſt waſte i in bulk: Sir Iſaac New- 
that comes wg in hat revolution round the ſun come ſo 
| on him as 50 go through his R may by the refiſtance thereof, have 


their motions ſo retarded, tha , AP g nearer and nearer to him every 


Wesen, they may at laſt fl inc the fam: fuch « fupply, though very 


s Rigciol, 2 7. 66. & affremps. eee, 1. 10. „ b A, and 
2 — ek h I ere 


thus the 2h part of the 
. ao ode I 


meter as ſettled by them, + tle. fre, d Hit. a. vol. 1. 5. 8, ſeg. | 
1 5 Oy . p Phil. 


ſmall 


a vol. 6p 238. 
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ſmall and happening but rarely, if we conſider the inconceivable minuteneſs Fre. 


of the particles of light, may be thought ſufficient to keep up the bulk of 
the ſun for many ages, ſo. that no diminution thereof ſhould be perceiveable 
by the inhabitants of the ſyſtem: but however that be, the moſt ancient and 
modern obſervations of the ſun's apparent diameter are quite inſufficient or | 
determining whether it | be diminiſhed. or not. See Smith's era P. 4 5 


—_— 


— 
— 


n 4Þ; 21. THE DISTANCES or THE PLANETS FROM THE SUN: Tux 
REAL MAGNITUDES OF THE GUN AND neee | 


"7930 The punilexee of ha fan and jlanan'npd Hh wap 

are ſo well determined, that the diſtances of the planets from the ſan and 
' he real agus of a 0 

certainty: the hotizontal parallax of the ſun is now generally agreed to be a- 

Your 10, ſee d 8203 from hence the diſtance of the fun from the earth. 
may be found by 143. OIL 

911 In the Copernican ſyſtem, the proportion eee din aibiiliins | 
of the planetary orbits, or between the diſtances of the ſeveral planets from 
fe ie unde winnings ſo that if the diſtance of any one of them, 
as for inſtance if the diſtance of the earth from the ſun be given, the diſtan- 
ces of all the reſt of the planets from the ſun may be found: in an | 
ſuperior planets, d en es ins feces the A TA 
the earth from the-ſun is known, by meaſuring the angle of the planets re- 
trogradation: chus ig 9, lets be the ſun, 480 the orbit ofthe can, x26 99. 
the orbit of mars, n LM part of a great circle in the ſphere of the heaven 
| wherein mars appears to go retrograde, let the place of mars be at x; by the 
earth paſſing in her orbit from n to c, mars will appear to move retrograde 
from M to n: the angle then of the retrogradation of mars namely'M# is 
known by obſervation, to this the vertical angle By is equal: draw ar and 
s, and you have the triangle sar, wherein the angle s is a right one, 
by F 28; che angle 8 n is equal to half the angle of retrogradation, and con- 
ſequently known; ſo that in this triangle two angles are known, and there- 
fore the remaining angle ys may be found, F 55 cor. 3: and, all the angles 
being known, the ratio of any one fide to any other, as the ratio of 6s the 
diſtance of the earch from the ſun to 87 the diſtance of mars from the ſun 
by fn Fes tle of the of expreſied 

Scholium, The an retrogradation of mars is here as if 
| went al 


— mein 


r 


e 4 


SE 
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Pie. mean time moves forward in his orbit, from y to k, ſo chat his real retro- 


gradation will be only a1 leſs than MN: but ſince the quantity of mars's 
motion in his orbit may be found, during the time of his retrogradation, it 
may be known how much the angle of his retrogradation is thereby dimi- 


niſhed, and conſequently what RO 29 would have been, if he had 


ſtood ill all the while at r. 


912 In either of the inferior planets, the ratio of the ae of its 
orbit to the ſemidiameter of the orbit of the earth is eaſily found, by the an- 


100 gle of the planer's greateſt elongation: thus, fig. 100, let s be the fun, ABC 


the orbit of mercury, E the orbit of the earth, L MN an arc of a great cir- 
cle in the ſphere of the fixt ſtars; A the place of mercury when ſeen at L in 
his greateſt elongation from the ſun; draw s E, and 8 A, and you have a tri- 
angle, whereof the angle 3 A f is a right one, 5E 4 is the angle of mercury's 
elongation, known by obſervation, and therefore the remaining angle As E 
may be found: and conſequently the ratio of Es the diſtance of the earth 
from the ſun to As the diſtance ofemercury from the ſun may be known. 

913 The two ſections immediately preceding ſhew how to find the com- 
parative diſtances of the planets from the ſun, but only in a general and leſs 
accurate way; becauſe neither the excentricities of the planetary orbits nor 
the inclinations. of their planes are there taken into the account: more exact 
methods may be ſeen in Gregory's nano book: yi prop. I9, 21 and 223 
and Cafiini elements d aftronomie liv, 4. chap. 6. 

914 The diſtances. of the ien nr 
tuin ratio to the periodical times of their revolutions round the ſun; the 


... ſquares of their periodical times are as the cubes of their diſtances: this ana- 
| logy,. diſcovered by Kepler a, furniſhes us with a method of finding the ratio 


between the diſtances of the planets from the fun, to greater exactneſs than 
IRS eee 
eee, e 


915 The' periodical. times f 


e eee eee 


hers 'n the lowing eb they re ot rn more cory 
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916 The comparative mean diſtances of the planets from the ſun were before 
ſet down only in round numbers, F 619; the following, table has them WE 
greater exactneſs a. | 
5 Y s ®- Rin 
According to Kepler 95 1000. 519650. 152350. 100000. 72400. 38806. 
According to Bullialdlus 954198. 522520. 152350. 100000. 72398. 38585, 
From the periodical times 953806. 520116. 152369. 100000. 72333. 38710. 


917 From hence, the abſolute diſtances of the planets from the ſun, ſuppoſing 
the ſun's parallax Io”, are as follows; of 1 


S (mercury 3.2 3000 


2 8 \ 32,090000 
& | venus 314900 2 |]  59,000000 |: | 
the earth mY 20600 5 82, 0000 8 tt 
= ſ mars -(S 3140 f | 125,000000/f9. 10 
2 jupiter 8 | 107300 | g | 426,000000 
E Caturn JE Lig6700) EY (780, ooo 


918 From their apparent diameters and theſe real © we haye the 
real diameters of the ſun and run Planets, as follows; 


of 


Wu 
7 8 


2 Newton's princip. book 3. END Th ns eee A ee SE 


from the periodical times with thoſe determined from obſervations by Kepler and Pullialdac is god proof 


of the analogy mentioned 5914. 


b Me nt ny eee | 


venus; vo erer mats; CONC H 


"hp . VV 2 | | 920 


an error of 2 or 3 ſeconds in the parallax of mars, 
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920 The flditis of the jun and primary planets are as fellows, $ 75 
| i mobs EATING S the ſun 1000000? 44 
0 mercury | 8 8 
venus 8 1 © | 
mars 51 1225 | 
SSUEP IBOPRE /t 3. WO. 800 88 
ae ee HD Jupiter «| 985 
1 5 5 S ſaturn . | 612) = > 


ters of their orbits 8 given; it is al to compute th circumferences of 
thoſe orbits; by & 68. The circumference of the orbit of a planet, and the 
periodical time in which it 
-compure the mean velocity with which the planet goes round the ſun in its 
ne n n are as follows; 


goes round therein being given; we may eaſily 


hs 
or en eee 5 94000} - 
: | venus 2 8 6gooo 7 
324,29 2 thecarth 2.2 090 "2.5 
i ee ee sss W 
: Ber 5 baten 3 8 190ͤ%)ꝗ | 
Selens . 48 


er than is bene fer down, and flower when in aphelion: 


: as was ſaid 5 672. 
- 922 The diſtances of the 


planers from the ſun above ſet down ſuppoſe the 


-parallax'of the fan 95 be preciſely 100, as it was determined by the parallax 


of mars, 5 820 and 822: but fince it is impoſſible to be certain there is not 
from the imper- 
ceptible errors in the obſervations upon which the calculation of the parallax 
of that planet is founded; and fince the difference of 3 in the parallax of mars 


would occaſion a difference of 1000 ſemidiameters of the earth in his diſtance; 
it is impoſſible to determine the diſtance of mars from the earth with certain- 


ty, ſo near as to 1000 ſemidiameters of the earth: and conſequently the di- 
ſtance of the ſun from the earth cannot be determined nearer than within a- 
bout 2000 or 3000 ſemidiameters of the earth. If the of mars were 
greater, it would be more eaſy to determine his diſtance with certainty; the 
difficulty of determining the diſtances of increaſes in a duplicate 
9 ſo that a diſtance 20 times as great as another 
3s 400 times as difficult to be determined with 
VFTVTT ome Rr 


When aſtro- 
e ad miley they ma | 


CHAP. 22. ASTRONOMY 3: 
do, fince the ſemidiameters of the earth may be reduced to leaguesand miles 
with accuracy enough, as when they tell us the diſtance of the earth from the 
ſun is about 30 millions of leagues; we can have no greater certainty the 
number is exact within 2 or 3 millions of leagues, than we have that in a 
diſtance by common eſtimation of 3o leagues upon the earth there i is not a 
miſtake of 2 or 3 leagues. Caſſint obſervations aftronomiques, 9 37. 

923 Thoſe among the ancients who placed the earth in the center of he 
univerſe determined the moon's diſtance by her parallax, which they oo 
diſcover; as for the diſtances of mars, jupiter and ſaturn, they conjectured 
them to be proportional to their periods: and fince the moon, which they 
found to be neareſt to the earth, performed her circuit in the ſhorteſt time; 
they concluded ſaturn, whoſe period was longeſt, to be proportionally the 
moſt diſtant planet from the earth: this rule could not be applied to venus 
or mercury; becauſe they are always near the ſun. Some of them placed mer- 
cury farther from the earth, others nearer to the earth than venus: others, 
obſerving that mercury and venus were never very far diſtant from the ſun, 
imagined the orbits of thoſe two planets to have the ſun for their center, and 
that they accompanied the ſun in his annual revolution round the earth. 

924 T he ancients determined the diſtance of the ſun from the earth x 
eclipſes of the moon; or by obſervations of the moon when ſhe a 
illuminated by the ſun: and, from the diſtance of the fun thus found, com- 
puted his parallax; which they made much ente d nn 
the moderns have ſhewn it to be, as. was ſaid 5815. 

Pythagoras conjectured the diſtances of the feveral planets Gromateicarh 
to be in certain harmonical proportions®, neee 
neee 1 65 tte tel e 
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CHAP. 22. CHANGES IN. THE FIXT STARS: CLOUDY STARS. | mol 

925 There are ſeveral ſtars now to be ſeen niche hens whichow ton 
mentioned in the ancient catalogues; and others are now not to be found, 
though the places in which they formerly appeared have been ſet don by - 
aſtronomers who obſerved them: there are alſo ſome ſtars whoſe apparent 


s Pythagoris prodidit base mee ede mufca fa um ratione 3 ſeptemgut fellas inter calum & terram 
Wks gue morta/ium geneſer mederantur, motum habere wyolner, & interwalla muficis digen habere 
congrua, ſonituſque varies redders pro ſua Ne altitudine ita concerdes, ut dulcifiman quidem concinant me- 


© ldiam, ſed nobit inaudibilem propter wocis magnitudinem, 2 


Cenſorin. de die uatall c. 11. Vide Ciceronis im, | As ; 
Þ Mach. is Jae bop. © 5-63: F. Ricciol. al. J. 9. 5. c. 7. nne 


magnitude 
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magnitude is periodically increaſed and diminiſhed: as to thoſe ſtars which 
are omitted in the ancient catalogues but inſerted in thoſe of later date, it is 
probable many were overlooked at firſt by reaſon of their ſmallneſs: ſome of 
the ancients mention the pleiades as conſiſting of fix ſtars only, others as of 
even: this has induced ſome authors to count the ſeventh of the pleiades a- 
: mong the new ſtars; but this difference in reckoning may perhaps be owing 
to the difference in the eyes of the obſervers; or to the different conſtitution 
of the air: it may not be improper upon this occaſion to mention, that ſeve- 
ral aſtronomers have given us figures of the pleiades, as they appear through 
the teleſcope: thus Galileo gave us one containing 36 ſtars a; Hook has one of 
78>: De la Hire has a ſcheme of 64<: and Maraldi one of 56 ſtars d: as to 
ſome little difference between their ſeveral draughts, it may eaſily be account- 
ed for, by che great difficulty there is in placing thoſe ſtars in their true ſi- 
tuation. v. Niccial. I. B.F 2. c. 1. Phil. tranſ. abr. vol. 1. p. 246. 
926 The moſt ancient obſervation of a new ſtar is that by Hipparchus, a- 
bour 120 years before Chriſt; which occaſioned his ſetting about a catalogue 
of the ſtars, as was ſaid, & 606: it is pity we have not ſome account in what 
paart of che heaven this ſtar was ſeen: another new ſtar is ſaid to have ap- 
peared about A. D. 130: a third about A. D. 389: a fourth in the ninth cen- 
tury in che 15 of ſcorpio, which is ſaid to have caſt as much light as a quar- 
ter of the moon does: a fifth A. D. 945 between the conſtellations of Caſſi- 
epea and Cepheus: a fixth in the year 1264 near the conſtellation of Caſſie- 
- pea: S eee eee 
hat nothing can be built upon theme. 
927 The firſt new ſtar of which we have any good borbunt is that which 
in the beginning of november 1572 appeared in Caſſiepea, making near- 
eb e eee where it was 
ſeen 16 months ſucceſſively, without any change of place among the fixt 
ſtars: this ſtar had no hair round it or tail as comets have; but ſhone with 
| the ſame luſtre as the other fixt ſtars do; ſurpaſſing firiusor lyra in brightneſs 
and magnitude: it appeared even bigger than jupiter, which at that time 
Was near his perigee; and by ſome was thought equal to venus when ſhe is 
in her greateſt luſtre: ir ſhone forth at once in all its brightneſs; and conti- 
tinued 20 do ſo all november, ſo as to be ſeen, by thoſe who had very 
planets 
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apparent magnitude, for in december it ſeemed to be but equal to jupiter: 
in january 1573 it was leſs than that planet, but a little bigger than ſtars of 
the firſt magnitude: to which it was equal in february and march: thus gra- 
dually diminiſhing, in april and may it was but of the ſecond magnitude; in 


june july and auguſt it was only equal to the biggeſt ſtars in Caſſiepea, which 


are counted of the third: in ſeptember october and november, it was no 
bigger than a ſtar of the 4th order; and in december it equalled the ſtar — 
led x by Bayer to which it was near: towards the end of the year 1573, and 
in the month january of the year following, it was but little ſuperior to ſtars 
of the fifth; in february it was no bigger than a ſtar of the ſixth magnitudet 
and in march became quite inviſible. It was alſo ſubje& to divers changes in 
brightneſs and colour, as it diminiſhed in bigneſs: for when it appeared big 
geſt, its light was white and brilliant: from that time it grew a little yel- 
lowiſh: and in the beginning of the ſpring 1573 was ſomething of the colour 
of mars, being reddiſh like the bull's-eye, and a little leſs bright than che 
right ſhoulder of Orion: in may it was ak a pale lividiſh white, like ſaturn: 
which colour continued to the laſt, as did its ſparkling alſo; only growing 
more dim and faint, as it was nearer to its diſappearing, This ſtar was obs 


ſerved by ſeveral aſtronomers, but eſpecially by Tycho Brabe, who wrote 4 


treatiſe upon it, wherein he determines its longitude and latitude, and con- 
cludes it to be in the region of the fixt ſtars, at a greater diſtance from the 
earth than the moon, or even any of the planets; by reaſon of its having no 
ſenſible parallax: he gives us alſo the obſervations of it and opinions about 


it of the Prince of Heſſe, Hainzelius, Mæſtlinus, and others, wich his own 


remarks upon them. Some have thought this ſtar to be the ſame which is: 


faid, 5 926, to have appeared i in A. D. 945, ans 1204; KO in the her 


ven ſeems to favour this opinion. 4 


928 Auguſt 13 1596, Dowd Fobricirebferveta flar i eee 
whale, in 25 45 of arics, with a ſouth latitude of 15 54: it diſappeared 
after the month october of the ſame year: Bayer, in his maps of the heaven 


printed in 1603, marks it with the letter o, as a ſtar of the ch magnitude r- 


Phocyllides Holwarda obſerving it in the year 1637, and, not knowing what: - 


had been done before, thought that the firſt time of its being taken notiee of:; 
he ſaw it come into view again, after having difappeared nine months it 


has been fince found to be every year pretty regular in its period; et chat 
from october 1672 to december 2626 Hevelius could not ſer any thing of ti 
Bullialdus, in a treatiſe printed at Paris in 2667, hav 


termined the periodical time between this ſtars appearing in ita g 


343 


ing compared together 
the obſervations which had been made of it from the year IAN r666, de-- 


_ 
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neſs and returning to it again to be 333 days: he found alſo that about 120 
days paſs between the time when ir is firſt ſeen of the 6th magnitude and its 
diſappearing: that it continues in its greateſt luſtre for about 15 days: that 
after its firſt appearance of the 6rh magnitude it increaſes in bigneſs much 
faſter till it comes to be of the 4th, eee 
of the third: and that from its being of the third its increaſe to the ſeeond 
magnitude is by ſtill lower degrees. He accounts for theſe appearances, by 
ſuppoſing this ſtar to be a globe having the greateſt part of its ſurface dark, 
the reſt being luminous; and that, having a rotation round its axis, it turns 
IIa: eee e pore gowands tio earth, 

929 A ſimple rotation will not explain the variations that appear in this 
far: f for 1, it does not every year arrive at the ſame apparent magnitude; 
dut ſome years it ſurpaſſes ſtars of the ſecond order and other years does not 

equal thoſe of the third: 2, the time of its appearance is not always the ſame; 


and its coming to its 
— mayo waar IRE 
5 z but ſometimes its apparent magni- 
rude increaſes faſter than it decreaſes, and ſometimes it decreaſes faſter than it 
increaſes: 4, according to Hevelius, it was not to be ſeen at all for four whole 
years, from october 1672 to december 1676. Caſſini makes the mean period 
of this. ſtar 334 days, allowing it to be ſometimes 3 or 4 days more or leſs 
Shan that: hoaccounts for the variations obſerved in it, by ſuppoſing a change 
in the poſition of che axis of the ſtars rotation b: I think it is more 
„ 
with more ſpots chan at other times. 
N. her ſtars have been diſcovered in the conſtellation of 
; was ſeen by Gulielmus Fanſenius in 1600, at the ſetting on 
of the neck, near that in the breaſt called y by Bayer, who mentions it as a 
new ſtar; je.is not in che caralogye of Bela, though he ſets down ſeveral o- 
thee urs near it which are leſs leſs: in 1696 Kepler publiſhed a ſmall treatiſe of 
| this flax annexed to + larger Pers about the new ſtar that appeared in Serpen- 
tarius; he therein evidently proves it to be g new flar, ſome who at 
that time were of another opinion: he tells us that it had for fix years at leaſt 
continued conſtantly immoveable as to its place among the fixt ſtars, and un- 
changeable as to its magnitude; being being reckoned by all who obſerved it of the 
third order, ſomething: Jeſs chan the ftax-in the breaſt, and a little bigger 
— NE be dotunincd logs to be in. oo 1 
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| 5 
with 55 38 or 32 north latttude: from the year 2606 bl dd Uetüstr ; 
it for 10 years; but in 1616, 162 7, 1624 and 1629, 'Riccioſus Taye iu 
ſeen by himſelf and others: chat author, who ſeems to think it appearet all 
the intermediate time from the year 1606 to 1629, co not findingywrl- 
ter who had taken notice: of the time e dcs difappearings bub is very politic 
that it was inviſible in the laſt years 1640 and 1690 in 765% DU 
menicho Caſſini ſaw it again; whem it grew bigger; ſo as in 16% "1648-2 
1659 to be of the 3d magnitude, according to Hrveliury who from the be- 
ginning of the year 1660, with ſurprize, found it gradually leſo und at 
the end of 166 x to be quite inviſible?” in novetnhber 1665 it began . 
again, and in ſeptember 1665 Hvelius ſaw it exactly in the fime „ Pluer 

before, with his naked eye, but exceedingly mall: 3 vr; 


1675 and 267 it appeared of about the: 6rHi! in 768 flit <ould 
not be ſeen without a teleſeopet in 1715 2 of about the õth mag 


nitude; as it does this r £19997 Of 9] SBUNERRIE IAG 
931 The ſecond changeable ſtar in the 3 une 26 167% 
near the head on the fide towands the arrow it Was of the 7s 
and kept its bigneſs tu the .d iof julyʒ but its light was hen fen Binders = 
che 1 i of that month it was ſcarce of the th magttüde: 6m the T8 f att 
guſt it did not exceed the 5th; in ſeptember it diminiſhed very fuſtʒ and det 
14 Hevelius could not ſer it, though he looked for it very diligently re chis 
ſtar, aſter having diſappeared near ſix mtinths was ſeen Ag me ne 
17h 1671, being then of the 4th magnitude i tlie d of april id judged 
toche bigget / than either of the ſtars which:are ut the bottom of Hep and 
are of the third magnitude; but was a little leſs than that in the bill of the 
ſwan: on the 4th. of april it was locked upon te be almaſt cual A bigneſs 
to, and much brighter; than the, ſtaꝶ in the bills om the the in-feenedi licks = 
leſs, and nearly equal to the biggeſt of the tyre ſtirs on the bottom of the 
harp: on the 1th it was equal 16 the, lea of thoſe: twid ſtars hut vn -/ 
IF th it was grown bigger; and wah again equal to the biggeſt of thoſt tv] 
ſtars; between the 16 and a9 of april it appeated of various mäaguudeny 
ſometimes equal to the biggeſt of thoſe two ſtars, ſometimes to the leaſt and 
ſometimes of a middle ſie between them both: the 25 an 2 of the fame 
month it was become gs. big as the ſtar in che bill of the ſwan; and gte 
digger than that, and nearly equal to the ſtar in the breaſt „ 
« little dimmer and redder; from the 30 of april to the 6 uf may o he 
it was leis than the ſwan's bill; and the 16 it was of a middle ſize berwa 
the two ſtars in the bottom of the harp: from that time it eontinued to 
grow ie ang leſs, ſo 2 of 8 „ 


8 | be 


18 
* 
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sn esse and on the 1 ith of ſeptember it could not 
5 be perceived by him at all: this ſtar: appeared twice in its greateſt ſplendor 
2 nn the ſpace of one month; the firſt time on the th of april, the ſecond in 
| — the beginning of may 1671; which is not known to happen to any other ſtar. 
By comparing che obſetvations of theſe two years, it ſeemed at firſt to return 
perzochenlly to the ſame phaſe in about 10 months, ſo that it ought to have 


appenred: again in february 16%, whereas it was hardly viſible to the bare 
eye on the och of march in that year, and on the ag it was ſcarce of the 6th 
tude,” and it bas never appeared ſince. This ſtar is not to be found in 
any gacdent caralogue, though ſeveral much ſmaller ſtars near it are ſet down 
in dem. Irs - was 1 54 20" of a, . 22 

| ad eee wht: 5466 Nn 
93 The third changeable ſtar in — rhe fri /of chat en- 
tion, which in the year 1686 was diſcovered by Kirchius to change its appa - 
erer — vw; pe 
return to the ſume phaſe in about 13 months and ;; or 405 days; though 
ſubje&t 10 great phyſical alterations, for in ſome years it arrived at a greater 
nnen, but rarely exceeded ſtars of the 5th: and in the 
ven 1699, 7 and 270 ĩt could not be ſeen at all, even at thoſe ſeaſons 
* — — dliciteCader yt be to 
=—_ N ins grand Tafire Ita longitude 9 Wenne 
= 5 ze, wich 52 40 north latitude. N 6b rtv sci 517" 
e 1604, it che latrer end of ſeptember old fiyle; anew far 
the heel of the right foot of Serpentarius: there were in that 
part o the heuven ut that time the three ſuperior planets, very near one ano- 
ther a fight hich ſo engaged the attention of aſtronomers, that no appear- 
ane thereaboos could long have eſcaped them: on ſept. 17, Kepler, who 
wrote's treatiſe about this ſtar, from which this account is taken, carefully 
ß mary and jops 
ter, then drawing'near to comunction j as 4 ſcholar of his did alſo on the 27: 
on the28'thoſe were obſerved by ſeveral perſons: on the 29, which 
: was the day when mars and jupiter were in conjunction, they were obſerved 
| by Mali; but none of theſe perſons as yer ſaw any thing of the new ſtar: 
on the 30 the ſudden breaking of the clouds gave one of Kepler's friends an 
© opportunity oF having à very ſhort view of it; for, in looking for mars and 
jupiter, neee er chem, but ſoon 
_ "loſt fght'of it "again, by the clouds intervening: on the 2, 3, 4, and 6, of 
october, it was ſeen by ſeveral in different places; but, by reaſon of 
3 at e W 
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ed bigger than ſcorpion's heart, though deeper in the twilight than ſcorpion's 
heart: but it appeared dend chan arQurus; perhaps becauſe arcturus was out 
of the ſun's beams: for on the 3d of january, being quite out of the twilight, 
had then been 
three days out of the twilight. From this time the ſtar grew leſs and leſe; fur 
_—_ 10-of march, ha E wk it appeared much-leſs han ſa- 


turn 
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of that month. He tells us that all who obſerved; it agreed in this, that it was 
exactly round, without any beard or tail, with one of which comets are al- 
ways attended; and that it was exactly like one of the fixt ſtars, except that 
In the vividneſs of its luſtre and quickneſs of its ſparkling it exceeded any 
thing they had ever ſeen before: as to its colour, both Kepler and Maſllimi 
took notice that it was. every moment changing into ſome of the colours of 


the rainbow, as yellow, orange, purple, and red; but was generally White, 
when it was at a little height above the vapours near the horizon. As to the 


magnitude of this ſtar at its firſt a every body who ſaw it was of 
opinion that it was not only bigger than any of the fixt ſtars, but ſurpaſſed 


faturn and mars, and even jupiter; which laſt planet was near it all themonth - 


of october; and was, by his ſteady light, eaſily diſtinguiſhed: from this wehe- 
mently ſparkling ſtar: Tycho pronounced the ſtar in Caſſiepea to be ſomething 
bigger than jupiter, who was at that time in perigee; the ſtar in Serpentarius 
was much bigger than jupiter, but jupiter was then in apogee, and conſe- 


quently in his leaſt apparent magnitude. It continued for the whole month = 


october nearly of the ſame bigneſs; except that, as the ſun began to grow 
nearer to the ſtar than to jupiter, it did not ſeem to exceed that planet in mag: 
nitude ſo much as before: and yer cc. 30 it.was fo much b. gb den fe. 
piter, that Kepler could ſee. the ſtar, when he could nor ſee ju 


ſtar was: novemb. 6 Kepler ſaw it for the laſt time before it was got too far 
into the evening twilight; for cloudy weather followed: another perſon' ſaw 


it on the 8: on the 12, though its place might be marked by the weoh;-which 
was then near it, yet no new ſtar was to be ſoen: it wu not however cover- 
ed by the moon, becauſe her latitude was then above 3 degrere, whereas the 
| ſtar had not ſo much as 2 degrees latitude: at Prague thereforeithe:tar was 
inviſible, by che ſun being too near it, ſome time between the & and the 12 f 


november; but at Turin; where the height of the pole is loſs chan at Prague, 
it was ſeen the 13 of november, hy thoſe who had very good e 
24. the ſky being clear after a good deal of cloudy weather, 


Kepler bag he 


firſt certain view of it again, after its being hid by the twilight, dt ſparkled 


exceedingly, but was much diminiſhed in magnitude; howevet it ſtil ſens 


it ſeemed bigger than either arcturus, or ſaturn, Which 


Jupiter; though 
that planet was at the ſame time farther of om cho RFA AAA 
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of 
guſt the 2 and 4, being carefully compated with ſome: adjacent ftars, it 
was judged-to be equal to the neareſt tar in the leg of 


3408 AAS RON OM 0E 2. 
mn; and but little bigger than the ſtars of che 3d ende In de se 


of April 2 1 it ſcemed equal to the bright tar in the right knee 


Serpentarius; and continued nearly of that magnitude, may and june: au- 


Serpentarius, which 
is comited of che 3d magnitude, but is leſs than that in the knee: the new 


ſtar contihneti: ſtill to ſparkle more ſtrongly than any other fixt ſtar: aug. 19, 
y reaſon of che lighiſomeneſs of the night at that time of the year, it could 
Hardly be determined whether the new ſtar appeared bigger than that in the 
leg or not; but it was more eaſily diſcerned than that, by reaſon of its great- 
- erndparkiing: ſepts 3 it was leſs than that in the leg: ſept. 28, which was a 
ver aſter its fitſt coming 


into view, it was mort eaſy to be ſeen than the ſtar 
in the leg aad ꝓet it was not very eaſily ſeen, becauſe it was no got a little 
within ewilight again, and was this year hid by the nearneſs of 


the ſun light 40 days ſooner ihan in the preeeeding year; from which circum- 
ſtance, it may be conjectured how much greater its magnitude was at its firſt 
enen. In january 1606 the ſky was ſeldom clear in the morn- 


ing, however, on the a; in the morning Kepler could ſee the place of it, 


| — — Jan.: 27 he was uncertain whether he did not ſee 


Jome glimmering of the new ſtat or not; ſo that, if it was not quite extinct, 


it es ron 400 ſmall to he perceived in the morning twilight. In march its 


place was ſo far out of the ſun's beams, chat it roſe high enough above the 


HPorison before the appearance of the morning twilight, but there was not 
abe leaſt glympſe ef the ſtar to be ſeen. Upon the whole, Kepler concludes 
chat: diſappeared ſametime between october 3605 and the february follow- 


ing bur en What day is uncertain, He ſays it had no parallax nor motion; 
and retnarks, that all che planets were munen ane with this 


ſtar, during the time of ita appearance. ba] 
ng Beſides cheſe, ſeveral. other changes SO raed i in the ſtars: 


7 v1 
; 1 


Aentanari found gwo ſtars of the ad magnitude in the conſtellation of the 
ee mathe 2 and-y by. Bayer, to be wanting: he lays, they were ſeen by 


bitn&lf and chers in 66.4, on occafion of the comet Which appeared that 
vrarz when they-firſt diſappeared he does not know, only he is ſure that on 


he rꝛcth of april 2668 there was not the. leaſt glympſe of them to be ſeen; 


and yet the reſt about them, even of the th and th magaitudes, remained 
unchanged: he ſays, he has obſerved above an hundred other changes among 
abe fert ſtars, though none of them ſo great as thoſe. Domenicbo Caſſini 
diſeovered a new ſtar of the 4th and two of the 5th magnitude in Caſſie- 
Feat five nem ſtara in the ſame conſtellation, whereof 3 have ſince diſap- 


- 
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peared: two in the beginning of the conſtellation Eridanus; one of che 4b, 


the other of the 5th magnitude: four of the th or 6th order, near the north 
pole: that great aſtronomer has alſo remarked that the ſtar placed by Bayer 


near the ſtar e of the little bear is no longer viſible: that the ſtar A in Andro- 
meda which had diſappeared came again into view in-1695: that in the ſame 
conſtellation inſtead of one in the knee marked v there are two others come 
more northerly; and that the ſtar E is grown muctr leſs: that the ſtar placed 
by Hebo at the end of the chain of Andromeda as of the fourth magnitude 
was grown ſo ſmall. that ĩt could ſcarcely be ſeen: that the ſtar which in 5 
cbo's catalogue is the 20th of the fiſhes is n6-longer viſible, except it can be 
imagined to have changed its. place and gone above 4 degrees lower;'to'the 
place marked o by Bayer: thus Caſfine, in his elements d"aftronomze, pag. 73. 
but the truth is, chere is a falſe print in Tycho's catalogue, where this laſt 
mentioned ſtar is ſet down i in north latitude inſtead of ſouth: Flamſteed has 


ſet it right in his edition: it is very probable, ſome other ſuppoſed changes 


in the ſtars are, like this, only miſtakes of the tranſcriber or printer. 
935 In 1672, Dom: Caſini ſaw a ſtar in the neck of the bull which he 
thought was not. viſible in Tycho's time, nor when Bayer malle his figures. 
Halley, in his catalogue of the ſouthern ſtars, ſays, that two ſtars one in the 
paſtern the other in the knee of the left fore-leg of Sagittary, reckoned'of the 


ad magnitude by Ptolemy and Bayer, were by him found ſcaretly of the.4th* 


qui ri corny nec 
the right hind-leg are now inviſible: and that fi 
near the ſouthern fiſh, ſet down by Ptolemy of the: 3d magnitude, appeared 
to him of the 6th, or at moſt not above the r 4679 Flamſteed 
could not with the naked eye ſee; the ſtar (f) in aquarius, ſet down by: Pto- 
lemy of the th magnitude, hte Inns nd peer -u Me- F- 
year 1680 the ſtar (n) in virgo-was in vain ſought for by him. 
936 Many other changes in the ſtars have been taken notice of by Ma 7221 
e eine e of the:thiri 
magnitude, appeared but of che,6th. in 167 f: in 2676 it was ſuund again 0 
be of the zd by Halley; in 1692 it could hardly be perceived: but in 1693 
and 1694 it was of the 4th magnitude. In the ſame: conſtellatien he far 
in the Abt aum reckoned by Halley af he gd enegninede habbyanibinn 


do be grown much leſs. That in the thigh called d had diſappeared} Mr 
aw it, from 1699 to 170. of che 6th. magnitude; he found it to be cot 


poſed of two ſtars, diſtant. from each other 35 in latitude s Nhe ta Ar 


the tail of the ſerpent, counted by Tycho of the 3d, was found by Alm, 
2 Thus the memoire;, and Caſſ ai from them, but it muſt be à miſtake; I ſuppoſe it ſhould be'35"ſecongs: 
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of the zth; but grew bigger in the following years. The ſtar p hi Serpentarius 
did noc appear from the time of its being obſerved by Montanari to 1695. 
The ſtar in the lyon, after diſappearing, was ſeen by Momtanari in 1667 ; 
Maraldi ſaw it in 1691, but very ſmall. The tar E of the ſame conſtellation, 
marked by Tycho and Beyer. of the 3d magnitude, was hardly viſible in 1693. 
The ftar (i) in the breaſt of the lyon of the 6th order was not viſible in 1709; 
but there might be ſeen thereabouts 8; ſtars not ſet down in the catalogues. 
The ſtar & in Meduſa's head was found to be of different magnitudes in dif- 
ferent years by Montanari; Maraldi could perceive no change in it in 1693, 
but in 1 it varied conſiderably, ſo as to be ſometimes of the ad magni- 
tude, at other times of the 3d or 4th. The ſtar y in the car of the great dog 
is ſet down by Tycho and Bayer of the 3d magnitude: it was inviſible in the 
year 1670; but in 1692 and 1693 appeared — — — Maraldi 
diſcovered 4 new ſtars in the great dog which are not in Bayer 's catalogue. 
937 In 1704, Maraldi diſcovered a ſtar in the Hydra to be periodical; 
its poſition is in a right line with thoſe two in the tail marked r and y, at 
the ſame diſtance from x eaſterly as æ is from þ: this ſtar had been deſcribe 
by Mantanari in 1670, but was not viſible in april 1702: Maraldi ſaw it 
for the firſt time in the beginning of march 1704, in the ſame place where 
Mantanari had found it 34 years before: it appeared of the 4th magnitude, 
and brighter than the ſtar C, and continued nearly in the ſame ſtate till the 
beginning of april: it then gradually diminiſhed till the end of may, when it 
could no longer be ſeen by the naked eye, but was viſible through the tele- 
ſcope for a month longer: it could not be ſeen again till towards the end of 
november 1705, when that part of the heaven began to get out of the ſun's 
rays; it. was very faint, and grew. lefs and leſs till the end of february 1706, 
and could then be ſcarce perceived even with a teleſcope: it did not appear 
again till the 18 of april N. S. 1708; when it was bigger than ſtars of the 6th 
order: it was then increaſing, fo as on the 11 of may to be equal to the laſt 
ſtar but one of the Hydra: on the 16 and 20 it was ll bigger; bur the 5 of 
june, after being hid ſeveral days by cloudy weather and moon-ſhine, it was 
found to be grown Jeſs, and continued decreafing the following days; by rea- 
ry ry pon it could not be ſeen without a teleſcope, which 
in magnitude to the brighteſt of the two ſtars which com- 
Er Hydra; this makes it probable, that it might 
| been ſeen ſome time longer, if it had not been among the vapours 
which are near the horizon: november the 23 1709 it appeared again of the 
ſame magnitude with the laſt tar but one of the Hydra: in december it was 
OR PO OI ERngE Wd cena Bo hen wriraone 
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_ a teleſcope: february be 1710 it could bardly be ſeen with' the teleſcope: 
may the 24 1712 this ſtar appeared again for the 5th time; it was a little 
ſmaller than the laſt but one of the H 


ydra: june the 9 it was equal to an un- 
formed ſtar near it, and could be ſeen in moon-ſhine: june 2x6 it was leſs, and 
afterwards diſappeared. This ſtar was ſeen by Hevelzus in 1662 of the 5th 
magnitude: it ſeems to be 4 periodical flar, like thoſe in the whale and the 
ſwan: Maraldi, after comparing the ſeveral obſervations which bad been 
made of ir, judged the time between its appearing with its greareſt luſtre, or 
equal to a ſtar of the 4th magnitude, and irs return to the fame phaſe again 
to be about 2 years; though with conſiderable variations: as is likewiſe the 
caſe of the I eee which are liable 6 | 
variations in their 

938 Beſides theſe, . memoires for the year 1509, Maraldi ſays be 
has obſerved other changes in the ſtars; of which theſe four are the moſt 
conſiderable: 1, of two ſtars ſer down by Bayer under the ſouthern hand of vir- 
go one of the 6th magnitude the other of the 5th, the laſt is ſtill to be ſeen 
of the ſame magnitude; but that of the 6th, which was a degree more ſouth, - 
could not be ſeen with the teleſcope. 2, Ricciolus ſets down a ſtar of the 6th 
magnitude in the northern thigh of virgo which Bayer has omitted, and is 
not now to be ſeen. 3, A ſtar of the 6th magnitude ſet down by Bayer in the 
weſtern ſcale, in 12* 20 of n with 3? north latitude, is inviſible. 4, In 1666, X 
Hevelius ſays he could not find a ſtar of the 4th magnitude in the eaſtern 
ſcale of libra, taken notice of by Tycho and Bayer, but Maraldi in 1709 ſays 
he had ſeen it for near 15 years laſt paſt, ſmaller than Hebo and Bayer had 
found ir, but brighter than ſome other ſtars near it ſet down by Hevelius. A 
ſtar of the 4th magnitude firſt diſcovered by Dom. Cale, near the conſiella- 
tion of the hare appeared in the ſame ſtate in 1709. f 

939 Gregory, in his aſtronomy, book 2 prop. 30, ſays that · Some ſtars 

tof the 6th, th and 4th magnitude ſet down in the ancient catalogues and 
© obſerved by Hebo, are now quite vaniſhed; we have ſeveral inſtances of 
*this in the catalogue of Hevelius: he mentions four in his prodromus . 
*nomicus; as one in the left thigh of Aquarius, the firſt of the two adje 
ing ſtars in the tail of Capricorn, the ſecond of the belly of the whale, and 
the firſt of the unformed ſtars behind the ſcales of libra. The French aſtro- 
*nomers have made farther obſervations of theſe ſtars. There have beet! ale 
remarkable changes in the brightneſs of ſome ſtars of the firſt 2d and d o 
der, as appears by the difference amongſt authors in aſſigning their magnl- , 
*tude.” To name no more, a notable change has happened to 's far id 
e Bayer, within theſe few years; a... 
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940 Cloudy ſtars are {all gigs ſpars i in the heaven, ſome of which 
appeat to the naked eye like dim ſtars ſurrounded by an hazy light; others 


Uke little whitiſh — pretty much reſembling the milky way in briglit- 


neſs and colour. Prolemy ſets down five cloudy ſtars: 1, one at the extremity 


of the right hand of Perſeus: 2, one in theiniddlecfihe crab called prefepe or 


the manger: 3, one unformed, near the ſting of the ſcorpion: 4, the eye of Sa- 
gittary;which he calls cloudy and double: 5, one in the h rion. Thefirk | 
of theſe, that in the hand of Perſeus, appears throu Heſcope ſo thick 
ſet with ſtats, that I believe the like is hardly to be in any other part of 
the heaven: Galileoa counted 2 1 ſtars in that in the head of Orion; and above 


40 in che præſepe: in the eye of Sagittary two ſtars may be ſeen in a clear ſky 
by the naked eye, the teleſcope ſhews ſeveral more. Flamſteed takes notice of 


a cloudy ſtar before the bow of Sagittary, which confiſts of a great number 
of {mall ſtars: and that the ſtar (d) above the right ſhoulder of Sagittary is 


encompaſſed with ſmall ſtars after the manner of a cloudy ſtar. Dom. Caſini 
diſcovered a little patch between the great and little dog, which he ſays is 
very full of ſtars; the fame was obſerved alſo by Flamfterd. The two whi- 

tiſh ſpots near the ſouth pole called the Magellanic clouds, which ſeen by the 


bare cye exactly reſenible the milky-way, viewed by Halley e a tele- 
ſcope een to be a mixture of ſmall clouds and ſmall ſtars. 

941 There are alſo in the heaven little whitiſh: ſpots, which chrovgh 
our beſt. glaſſes appear magnified and more luminous, but without any ſtars: 
of this ſort is a ſpot near the moſt northern ſtar in the girdle of Andro- 
meda, firſt taken natice'of in 1612 by Simon Marius; it appeared to his na- 
ked eye like a little cloud, bur through the teleſcope he ſaw white rays which 
were brighrc$ near the center of the ſpot: its diameter was about a 
of a degree. Bullialdus obſerved it in 1664, and judged it liable to ſuch chan- 
* o be ſometimes inviſible: it is rematleed in confirmation of this opi- 
nion, that it was repreſented in ſome figures of the conſtellations drawn a- 
bout che year 1500, but is not ſer down either by Hebo or Bayer; that it 
was ſeen in 16 12, but from that time till 1664 1 it was not taken notice of by 
any aftronomer; und that in the year 1667 it was leſs bright than the year 


before: ever ſince the year laſt mentioned it has been conſtantly viſible, and 
i ſo thus pteſent car 1741 to che naked eye; but is now not near ſo much 


as a quatter a of degree in diameter. Another cloudy ſpot is near the eclip- 
tic, between the head U nn} eee 
e V. N ES 


winter 
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winter ſolſtice: it is ſmall but very luminous.—A third is upon the back of 
the centaur, marked « by Bayer: but cannot be ſeen in England.—A fourth 


is a ſmall obſcure ſpot, but there is a ſtar ſhines through it, which makes it 
more bright: it precedes the right foot of Antinous, it was diſcovered by 


| Kirchius, who could not ſee it with the bare eye, but ſaw it with a teleſcope. 
of 4 feet. A fifth is in the conſtellation of Hercules, nearly in a right lina. 


between the ſtars & and , ſome what nearer & than y: it is but a 9 - 


bur viſible to the bare. eye when the ſky is clear and the moon abſent. - . / 
942 But of all the cloudy ſtars hitherto taken notice of none is ſo remark- 


able as that deſcribed by Hugens in words to this effect a; * Looking accidentally 


ein the year 1656 through a teleſcope at the middle ſtar in Orion's ſword, I 
ſaw twelve ſtars inſtead of one, which was no new thing; their poſition was 
ſuch as is ſhewn in the figure annexed: ſeven of theſe ſtars, of which three 


Fare very cloſe together, ſeemed to ſhine through a cloud, ſo that a ſpace - 


round them of the ſhape repreſented in the figure appeared much brighter 
than any other part of the heaven; which, being very ſerene and very black, 
looked here as if there were an opening through which one had a profpe 
into a brighter region: I have fince often viewed this wonderful appearance, 
*which continues the ſame without any change of place or ſhape to this time, 
(1659) This phenomenon, which was obſerved by Hugens with an excel- 


len teleſcope of 23 feet, I have often viewed with one of 17 feet, through 


which I could ſee very well all che 12 ſtars mentioned by him: ſee what is 
ſaid 5 887; to which I ſhall only add, that the luminous ſpace has ſometimes 
appeared tome nearly of the fame ſhape wich the ure which i formed by 
the ſeven ſtars within it. | 
There are undonbteddy-anais of chif> hom}: mikkih anathema adn 
| ken notice of: Caſſini is of opinion, that the brightneſs of them proceeds from 
ſo minute as not to be diſtinguiſhed by the beſt. glaſſesbʒ others more 
pro think they are great ſpaces in the ether through which a lucid me- 
dium is diffuſed: they appear indeed ſmall to us, moſt of them but of few 
minutes in diameter; yet ſince they are among the fixt ſtars, that is, ſince 
ens they cannot fail to occupy ſpaces 


immenſely - 
great, and perhaps not leſs than our whole- ſolar ſyſtem: in all theſe ſo-vaſlt = 


ſpaces it ſhould ſeem, that chere is« perpetual wainterrupied lay, whichaay 
. as well to the curious naturaliſt, as to the a- 


943 Tln here gioes e. Gall de e 2 1 e 
cloudy ſtars, from ſeveral writers; by comparing of all which together, 1 
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have corrected the miſtakes that ſome of them had fallen into: I have ſome- 
times quoted my author, but have not done it in every inſtance, to avoid 
being redious: for the reſt, theſe that follow may be conſulted; Tychonis 
_ progymnaſmata: Keplerus de nova ſtella in pede Serpentarii: Ricciol. almag. 
J. 8. 2:c. 1. Hevelii h:foria' mire ſtellæ: ejuſdem cometegrapbia, pag. 374 
et ſegu. & 400: Caſſini elements d aſtronomie 1. 1. c. 6 & 7: Phil. tranſ. abr. 
vol. 1: "Atta eruditor. Lipfiæ ann. 1688: Flamſteedii hifforia cœleſtis vol 1: 
Halleii catalogus RN tee em, 4 7 Head. R. des Sciences 
ann. 1706 & 1709. 
944 eee ben abe n Aeedene who held 
that the heavens and heavenly bodies were not ſubject to any change, would 
have it that they were only meteors generated in our atmoſphere, and raiſed 
up to a great height therein : but their having no ſenſible parallax was an e- 
vident demonſtration to the contrary, and ſhewed that they were far above 
the moon: and their agreeing with the ſtars in ſome other particulars as well 
as in their great diſtance from the earth, . 5 
loſophers to think they are of a ſimilar nature. © ä 

945 How the changes in thoſe ſtars that —— be effected. 
has been in ſome meaſure ſhewn, $ 928 and 929. Maupertuis® has another 
ſolution of theſe appearances, Which is to this effect: 1, he ſuppoſes many 
of the ſtars; like the ſun, to have a rotation round their own axes: 2, that 
ſtis rotation cauſes them to deviate from an exact globular ſhape into that of 
an oblate ſpheroid, or globe flatted: 3, that there may be infinite variety in 
the degrees of this flatneſs, ſo that ſome may be quite thin and flat like a 
round trencher: 4, that a ſtar of this ſhape may have a large planet going 
round it, in a plane different from that of the ſtars equator: in this caſe, 
the planet would be twice in every revolution round the ſtar in the plane of 
the ſtar a equator continued, at which times it would cauſe no change in the 
ſituation of that plane; but at all other times it would, by its attraction, 
change more or leſs the ſituation of the plane of the ſtar's equator, and moſt 
of all at the two ſeaſons hen it is fartheſt out of the plane continued: by 
this change, be ſuppoſes. chat ſuch a flat ſtar as at ſome times cannot be ſeen 
by us, When only its chin edge is turned towards our earth, may at other 
times, by turning a good deal of its flat ſide towards us, become viſible. He- 


2 Baal . inſtance 'of the philophical bigotry of a Florentine Phyſician, who 
would not be-prevailed upon to look at any of the heavenly bodies through a teleſcope himſelf,” for fear of 
$9 3 tn marry eee 9 — 
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velius is of opinion, 1, that the, ſun and ſtars are ſurrounded with atmoſpheres: 
2, that; whirling round their axes with great rapidity, they throw off great 
quantities of matter into thoſe atmoſpheres, and thereby cauſe great changes 
therein: 3, and that thus it may come to paſs, that a ſtar, which when its 
atmoſphere is clear ſhines out with great luſtre, may at another time, when 
it is full of clouds and thick vapours, appear greatly diminiſhed in Ra, 
neſs and magnitude, or even become quite invifible s. 
946 As for ſuch ſtars as, after having been for many years invifble, break 
out ſuddenly into ſhining all at once, like thoſe in Caſſiepea and Serpentati- 
us, it has been thought that, as the ſun may have now and then a comet-fall 
into it, in the manner deſcribed $ 909; the ſame may alſo happen to any of 
the ſtars which like the ſun have planets 'and'comets teyolving round tem: 
and then a ſtar which had for a long time been ſo covtted'over with ſports as 
nor to be viſible to us may, when a comer falls into it, be made to blaze but 
ſuddenly, by the acceſs of that new fuel; and may for a while continue to 
ſhine with great Juſtre; till, by the ſpots returning and covering us ſurface, it 
appears gradually to diminiſh in brightneſs and magnitude, and at laſt be- 
comes again quite inviſible. Fontinelle, upon mentioning changeable Rars, has 
this reflection b; The fit ſtars being ſo many ſuns, it is very poſſible thit 
*2mong the infinite number of them there may be ſome halfeſunt e; our fun 
has often ſpots upon his ſurface, which, if they were permanent and more 
textenſive, would reduce him to an half. ſun: if all the ſuns are furt dunded 
«with planers inhabited, it is eaſy to imagine what a fright the thliabitants 
muſt be in, when they looſe ſight of their ſun for a confiderable time; or ra- 
ther with what calmneſs they behold a fight which is familiar to chem but 
*would be dreadful to us. The ſtars which appear and diſappear without a any 
regular periods may be ſuns that are ſometimes covered with very 
*ſpors, from which at other times they are perfectly free: the changes in the 
*ſpors upon. the ſun give us room to think there may be great variety of ea. 
*ſes in this affair: but whatever be the caſe'of periodical ftats, Which may 
have planets inhabited by creatures fitted for ſuch viffitudes of ght aud dark- 
neſs as are allotted to them, I do not think it probable that a ſtar which for 
a whole century does not caſt light enough to be ſeen" by us ſhould be ap. 
pointed to do the office of a ſun, or have any p Worlds to be enlight- 
ned and cheriſhed by it: what other ends it may be made for. ie may be in 
vain for us to conjecture: in the works of creation, as Well as in the ways of 
providence, the deſigns of infinite wiſdom, and the methods by which infi- 
nite power brings about thoſe deſigns are often to man unſearchable. 
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N e wherein 
is _ that there is great ir peobabiliey of the obliquity of the ecliptic con- 
tinually decreaſing, two books have come to hand which have confirmed me 

in that opinion; one of them is de Bononienfi ſcientiarum et artium inflituto 
atque Academia commentaris, Bammiæ 1734: together with Academicorum 
quorundam qpuſcula varia, in 4to: in page 2 58, there is an account of a re- 
view of the meridian line at Bologna mentioned $ 423, by Euſtachio Manfre- 
A, that line, which is drawn upon braſs plates inlaid into the pavement, was 
found by bim to have continued exactly in the plane of the meridian, but, as 
to its horizontal ftuation, it was riſen up too high in ſome places, and worn 
100 low in ochers, by peoples walking over it: in order to make al- 
ee Manfredi made a table, by which he corrected his 
obſervations: after theſe corrections, the height of the pole there came out 
? 29 and 20 or 25, the ſame as Ricciolus and Caſſini had formerly ſettled 
it; but he found rhe angle between the ap of gala ptic about 307 leſs 
than Caſins had obſerved it, at the time of his firſt drawing that line, which 
| was between 60 and 70 years before: he recommends drawing a meridian 
line upon an upright wall, in order to avoid the alterations one made upon 2 
—_— by "eau Epc The treatiſe . 
——.—— 


atory for 66 yrars paſt, 
25 ige ofthe edge r Sund oo have dead beit ae in chat ſpace 


of time. He mentions the obſervations of the ancients, u 
che obliquity according to ſeveral authors, both as they obſerved it, and as it 
would have come out according to a regular annual decreaſe: I have occafion 
00 eee nes ty table given pag. 28 1, except that the obli- 
ee tg Ger in the poor 2674 29h 237 28 54, and at the 
2 M248 7 28 20', He does not ſay by whom this laſt obſer- 
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INTRODUCTION, Ratio, . of inequality,  duple, tri- 
R955" 17 G5 IF 5 ple, &c 15. ſubduple, ſubtriple, '&e-16.- © 
Definition of aſtronomy, pag. 1. Proportion, direct, reciprocal, 10 2 mean 
: of quantity; — ID. he proportional, iþ. i 
A line, — ſtrait, curve, infinite, 2. A power, ſquare, cube, &c. 17. firſt 0 
A point, 2. ec 4 2 r - 
face, — plane, curve, convex, concave, 3: Cate, . EXAM proportuon, 
how deſcribed, ib. * AE 
A figure, 3. the area of a figure, ib. 0 t of an arc, 21. fu of an 
An angle, — rectilinear, r arc, ib. chord of an are, ih. ſine, whole 
legs of an angle, vertex, - angular point, ib. ſine, verſed ſine, {une of the 22. 
anc: lu, 8 . 
27 ib. oblique angles, acute, ob 
tuſe, ib On + A Hecknen of the th — of ſines, pager 


A circle, 43 circumference, center, diameter, [ann voto WY 
_ radius, #6, areaz, 53 arc, chord, tangent, b + Method of making a 4 Uble lines, Kc, Ge» 
; -" diviſion into degrees, minutes, ſeconds &c, ib. An en 
by ny enact 5. how an arc in the hea- Ph nas» wg 4 
6. axioms, ib. conſequent + 
angles, 7. 2 circle meaſures 4 right angles: 22 2 
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— refiangle, - generati circles of 9 
9 ib. menſurton of all kinds of © ib. diameter, radius, great circles l 


_ 11, „114. cle, ib, a tegen te here e 

107 q os ring, 12. | cular to a ſphere 38 herical 

A polygon, 12 . were Terreſtrial 9 5 | 
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Aliquot part A pyramid, 39- its vertex; bs baſe; l. 9 

Quantities eee ee ind bs in- A 3 309. its vertex, base, i hb 448, 
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cylinder, inks. +YY 7 ſouth th points of it, ib. eaſtern * weſtern 


A cy inder, 41: baſe of a- 


il. right cylinder, oblique cylinder, is. bemiſpheres, ib. geographical meridian, il. 
A , right © formed, "48 how meaſured, ib. oppoſite . ib. noon, or midday, ib. 
a cube number, 42. „ * Rotation of the earth from weſt to caſt, 73. 
To find the ſu A or ſolid content of a2 makes the heaven| bodies appear to move 


ſup y p 
globe, 24. from eaſt to weſt, 5. the 4 cardinal points, 
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